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COMPOSITIONS, APPARATUS AND METHODS FOR FAaUTATING 
SURGICAL PROCEDURES 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of U.S. Provisional Application Serial 
No. 60/055,127, filed August 8, 1997, the disclosure of which is incorporated herein by 
reference. 

TECHNICAL FIELD 

The present invention relates to compositions and methods that facilitate the 
performance of medical and surgical procedures, such as cardiac surgical procedures, 
including minimally invasive coronary bypass surgery. 

BACKGROUND ART 

Heart attacks and angina pectoris (chest pain) are caused by occlusions in the coronary 
arteries. Atherosclerosis, the major cause of coronary artery occlusions, is characterized by 
deposits of fatty substances, cholesterol, calcium and fibrin within the arterial wail. As the 
coronary arteries nanow, blood flow is reduced depriving the hean of much needed oxygen. 
This occurrence is called myocardial ischemia. Severe and prolonged myocardial ischemia 
produces irreparable damage to the hean muscle, pronounced cardiac dysfimction, and 
possibly death. Apart from medical therapy, atherosclerosis is treated with coronary artery 
bypass graft surgery (CABG), percutaneous transluminal coronary angioplasty (PTCA), 
stents, atherectomy, and transmyocardial laser revascularization (TMLR). 
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In patients where PICA, stents, and athereaomy are unsuitable or unsuccessful, 
CABG is the procedure of choice. In the conventional CABG operation, a long vertical 
incision is made in the chest, the sternum is spUt longitudinally and the halves are spread apart 
to provide access to the heart. Two large bore tubes, or cannulas, are then inserted direcdy 
5 into the right atrium and the aorta in order to establish cardiopulmonary bypass (CPB). The 
aorta is occluded with an external clamp placed proximal to the aortic cannula. A third 
camiula is inserted proximal to the aorUc clamp, and is used for the delivery of a cardioplegic 
solution into the coronary arteries. The faypericalcmic cardioplegic solution protects the heart 
by stopping atrial and ventricular contraction, thereby reducing its metabolic demand. When 

10 the heart is not beating, blood flow to the rest of the body is provided by means of CPB. 
Cardiopulmonary bypass involves removing dcoxygenatcd blood through the cannula in the 
right atrium, infiising the blood with oxygen, and then retummg it through the cannula in the 
aorta to the patient With the heart motionless, the surgeon augments blood flow to the 
ischemic heart muscle by redirecting blood around the coronary artery occlusion. Although 

15 there are several methods to bypass an occlusion. Ae most important method mvolves using 
the left internal thoracic artery (LITA). The LITA normally originates from the left 
subclavian artery and courses along the anterior chest wall just lateral of the sternum. For this 
operation, the LITA is mobilized from the chest wall and, with its proximal origin left intact, 
the distal end is divided and sewn to the coronary artery beyond the site of occlusion (most 

20 commonlytheleftanteriordescendingcoronaryartery). After the LITA anastomosis is 
completed and any fiiither arterial or vein grafts are completed. CPB is weaned as the heart 
resumes its normal riiythm. The cannulae are removed, temporary pacing wires are sewn to 
the heart, and plastic tubes are passed through the chest waU and positioned near the heart to 
drain any residual fluid coUection. The two halves of the sternum are approximated using 

25 steel wire. 
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Because the traditional method of perfonniiig CABG involves significant operative 
trauma and morbidity to the patient, attention has been directed to developing less invasive 
surgical techniques that avoid splitting the sternum. The new techniques are performed with 
or without CPB through smaller incisions placed between the ribs. One method, called port- 

5 access, utilizes groin cannulation to establish CPB, while another, called minimally invasive 
direct coronaiy artery bypass or MIDCAB, is performed on the beating heart and therefore 
does not require CPB. Insofar as these tedmiques succeed in achieving less operative trauma 
compared to conventional CABG. postopmtive pain is improved, the length of 
hospitalization is diortened, and the renxm to normal activity is hastened. 

10 The port-access approach avoids Ae sternal splitting incision by employing femoral 

venoarterial CPB and an intraaortic (endoaortic) balloon catheter that functions as an aortic 
clamp by means of an expandable balloon at its distal end (Daniel S. Schwartz et aL 
"Minimally Invasive Cardiopulmonary Bypass Mth Cardioplegic Arrest: A Closed Chest 
Technique With Equivalent Myocardial Protection." Journal of Thoracic & Cardiovascular 

15 Surgery 1996; 1 1 1:556-566. John H. Stevens et aL "Port-Access Coronary Artery Bypass 
Grafting: A Proposed Method." Journal of Thoracic & Cardiovascular Surgery 1996; 
111:567-573. John H. Stevens et al. "Port-Access Coronary Artery Bypass With 
Cardioplegic Arrest: Acute and Chronic Canine Sttidies.- Annals of Thoracic Surgery \996; 
62:435-441). This catheter also includes a separate lumen for the delivery of cardioplegic 

20 solution and venting of tiie aortic root Alternatively, a different catheter may be placed 

percutaneously into the mtemal jugular vem and positioned in the coronary sinus for delivery 
of retrograde cardioplegic solution. Coronary bypass grafting is performed through a separate 
limited left anterior thoracotomy incision with dissection of the LITA and anastomosis to the 
atherosclerotic coronary artery under direct vision. Other bypass grafts to coronary arteries 

25 can be accomplished using radial artery sewn to the UTA. A description of portTaccess 
procedures is found in U.S. Patent No. 5,452.733, the complete disclosure of which is 

3 
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incorporated herein by reference. Thus, the port-access approach ftxnises on avoiding the 
sternal splitting incision while maintaining a motionless heart to facilitate a precise coronary 
anastomosis as the primary means to reduce operative trauma and morbicUty. Compelling 
evidence to support this contention, however, is scarce. Furthermore, no evidence exists 

5 regarding the effectiveness of the coronary anastomosis performed through die limited 
incision, nor the safety of the intraaortic balloon clamp and the vascular sequelae of groin 
canmilation. Finally, the port-access approach does not avoid the damaging effects of 
cardiopulmonary bypass, which include: 1) a systemic infUunmatory response; 2) interstitial 
pufanonary edema; 3) neuropsychological impairment; 4) acute renal insufficiency; and 

10 5) nonmechanical microvascular hemojrhage. 

The MIDC AB approach also avoids the sternal splitting incision, favoring instead a 
limited left anterior thoracotomy incision (Tea E. Acuff et al. '•Minimally Invasive Coronary 
Artery Bypass Grafting." Annals of Thoracic Surgery 1996; 61:135-7. Fcderico J. Bcnetti 
and Carlos BaUester, •*Use Of Thoracoscopy And A Minimal Thoracotomy, In Mamraary- 

15 Coronary Bypass To Left Anterior Descending Artery, Widiout Extracorporeal Circulation.'' 
Journal of Cardiovascular Surgery 1995; 36:159^1. Federico 1 Benetti et al. "Video 
Assisted Coronary Bypass Smg^ryr Journal of Cardiac Surgery 1995; 10:620-625). 
Similarly, dissection of the LITA and anastomosis to the coronary artery are then performed 
under direct vision. The principal difference between the MIDCAB and port-access 

20 techniques, however, involves the utilization of cardioplegic solution and CPB (Denton A. 
Cooley, "Limited Access Myocardial Revascularization"* Texas Heart Institute Journal 1996; 
23:8 1^4; and Antonio M, Calafiore et aL, "Left Anterior Descending Coronary Artery 
Grafting via Left Anterior Small Thoracotomy without Cardiopuknonary Bypass,** Annals of 
Thoracic Surgery 1996; 61:1658-65). Because MIDCAB is performed on the beating heart, 

25 cardioplegic solution, aortic cross-clamping and CPB are not required. This approach 

therefore focuses on the avoidance of cardiopulmonary bypass, aortic cross-clamping and the 

4 
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stetml splitting incision as the primary means to reduce operative trauma and morbidity after 
conventional CABG. 

The potential advantages of MIDCAB compared to conventional CABG include: 
1) the avoidance of CPB and aortic crossM:lamping: 2) fewer embolic strokes; 3) less blood 
5 loss, hence a decreased trans&sion requirement; 4) fewer perioperative supraventricular 
arrhythmias; 5) earlier separation from mechanical ventilatory support; 6) decreased or 
eliminated intensive care unit stay; 7) shorter length of hospitalization; 8) reduced total 
convalescence with earlier return to preoperative activity level; and 9) lower overall cost. 
Desphc these potential beneBts, however, the durability of the LITA to coronary anery 

10 anastomosis is uncertain. At tbsvxmt American Heart Association 69th Annual Scieru^c 
Session, the Mayo Clinic group reported on 15 patients undergoing MIDCAB. Of tijese 15 
patients, three or 20% required reoperation to revise tiie anastomosis during the same 
hospitalization (Hartzell V. Schaffet al.. "Minimal Thoracotomy For Coronary Artery 
Bypass: Value Of Immediate Postprocedure Graft Angiography," Abstract presented at the 

15 American Heart Association, 69th Scientific Sessions, November 10-13, 1996, Atlanta, OA). 
Of greater significance, however, was a rcpon from Loma Lbda University Medical Center 
that demonstrated a seven-year LITA to left anterior descending coronary artery patency rate 
of 42% in a subset of patients who underwent beating heart surgery and presented widt 
recurrent angina. In contrast, die patency rate in an age-, sex- and disease severity-matched 

20 control group was 92% (Steven R. Gundry et aL , "Coronary Artery Bypass witii and Witijout 
tije Heart-Lung Machine: A Case Matched 6-year Follow-up," Abstraa presented at the 
American Heart Association. 69th Scientific Sessions, November 10-13, 1996, Atianta, GA). 
Finally, because Uxe MIDCAB approach is restricted mostiy to patients with isolated disease 
of tiie left anterior descending coronary artery, tiic vast majority of patients with 

25 atherosclerotic heart disease are not appropriate candidates. Thus, despite tfxe potential 
benefits of MIDCAB, its safety, efficacy, and applicability remain uncertain. 
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There are major obstacles to precise coronary anastomosis during NODCAB. The 
constant transiational motion of the heart and bleeding from the opening in the coronary artery 
hinder precise suture placement m the often tiny coronary vessel. Although bleeding can be 
reduced by using proximal and distal coronary occluders, by excluding diagonal and septal 
5 branches near the arterial opening when possible, and by continuous saline irrigation or 
humidified carbon dioxide insufflation, the incessant motion of the beating heart remains the 
Achilles' heel of minimally invasive coronary artery bypass. 

In summary, although port-access and minimally invasive direct coronary artery 
bypass techniques avoid the operative trauma and morbidity associated wiA the sternal 

10 splitting incision, both have serious disadvantages. The port-access approach is encumbered 
by the morbidity of cardiopulmonary bypass and aortic cross-clamping and the cost of the 
apparatus. Furthermore, the safety of the intraaortic balloon clamp and the vascular sequelae 
of groin cannulation are unresolved issues. The MIDCAB approach is imperiled by the 
constant motion of the beating heart which precludes a precise coronary anastomosis. Reports 

15 of poor graft patency rates and the need for early reoperation in a significant proportion of 
patients after MIDCAB attests to the technical difficulty of the procedure. 

Conventional CABG requires arrest of the heart through the use of cardioplegic agents, 
aortic cross-clamping and cardiopulmonary bypass. These cardioplegic agents stop the 
beatmg heart to thereby allow precise suttire placement and other surgical procedu^ A 

20 mixmre of magnesium sul&te, potassium citrate, and neostigmine has been used to induce 
cardioplegia during cardiopulmonary bypass. Scaly et ai. "Potassium, Magnesium, And 
Neostigmine For Controlled Cardioplegia: A Report Of Its Use In 34 Patients," Journal of 
Thoracic Surgery 1959, 37:655-59. Although both magnesium and potassium remain integral 
components of modem cardioplegic solutions, neostigmine was ultimately eliminated. 

25 Potassium citrate is currently the most conunonly used cardioplegic agent. Potassium 

impedes excitation-contraction coupling, however, making it impossible to pace the heart by 

6 
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electncal stimulation and necessitating the use of a cardbpulmonary bypass system to sustain 
the patient. Other chemical agctos that have been used in human cardiac operations to slow 
die rate of ventricular contraction include acetylcholine, neostigmine, adenosine, iignocaine, 
and esmolol. Another agent, caibachol or caibamyl choline, has been used to induce cardiac 

5 anest in experimental animals. Broadley and Rothaul, Pflugers Arch., 391 : 1 47-153 (198 1). 

Acetylcholine has been tised as a cardioplegic agent during cardiopulmonary bypass. 
Lam et aL, "Induced Cardiac Arrest In Intracardiac Procedures, An Experimental SOidy," 
Journal of Thoracic Surgery 1 955; 30:620-25; Lam et al., "CUnical Experiences With 
Induced Cardiac Arrest During Intracardiac Surgical Procedures," Annals o/Surgery 1957; 

10 146:439^9; Lam ei al., "Induced Cardiac Arrest (Cardioplegia) In Open Heart Procedures," 
Surgery 1958; 43:7-1 3; and Lam et al., "Acetyicholine-induced Asystole. An adjunct In Open 
Heart Operations With Extracorporeal Circulation," in Extracorporeal Circulation 1958. 
pp. 451-48; Lillehci et al.. The Direct Vision Correction Of Calcific Aortic Stenosis By 
Means Of A Pump Oxygenator And Retrograde Coronary Smus Perfiiaon," Disease Of The 

15 Chest, 1956, 30:123-132; Lillehei et al., "Qinical Experience With Retrograde Perfusion Of 
The Coronary Sinus For Direct Vision Aortic Valve Surgery With Observations Upon Use of 
Elective Asystole Or Temporary Coronary Ischemia," in Extracorporeal Circulation, 1958. 
pp. 466-85; Lilldiei et al., "The Surgical Treatment Of Stenotic Or Regurgitant Lesions Of 
The Mitral And Aortic Valves By Direct Vision Utilizit^ A Pump Oxygenator." Journal of 

20 Thoracic & Cardiovascular Surgery. 1958;35:154-91. Conrad R. Lam, etal.i4wiafao/ 
Surgery 1957; 146:439-49. Intravenous adenosine has been used to fecilitate MIDCAB. 
M. Clive Robinson, First International Live Teleconference. Least-Invasive Coronary 
Surgery, The John Radcliffe Hospital, Oxford, England, March 21 and 22, 1996. 

Ventricular asystole has been achieved by direct injection of Iignocaine into the 

25 interventricular septum. Khanna and Cullen, "Coronary Artery Surgery With Induced 
Temporary Asystole And Interminent Ventricular Pacing: An Experimental Snidy," 

7 
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Cardiovascular Surgery 1 996; 4(2):23 1-236. Epicardial pacing wires were placed, and 
ventricular pacing was employed to maintain an adequate cardiac output Esmolol has been 
used as a cardioplegic agent during canUopulmonary bypass, Mauricio Ede et al.^ "Beyond 
Hyperkalemia: Beta-Blocker-Induced Cardiac Arrest For Normothermic Cardiac Operations,'' 

5 Annals of Thoracic Surgery, 1997; 63:72 1--727. 

In summary, there is a need for a surgical approach that avoids the risks and costs of 
cardiopulmonary bypass while preserving the benefits of a motionless operative fidd to 
achieve a precise coronary anastomosis. There is a fiather need for methods and compositions 
tSm enable predictable, controllable, transient arrest of the heart, which stop or slow the 

10 bearing heart widi acceptable half-life and quick onset of effect. There is a need for 

compositions and metiiods for transient arrest of the heart which can be used in a variety of 
surgical procedures conducted on the heart, vascular system, brain, or other major organs, 
where pulsatile flow, movement associated witii arterial pulsations, or bleeding is undesirable 
during the procedure. 

15 

SUMMARY OF THE INVENTION 

Methods, compositions and apparatus are provided which are usefid for medical and 
surgical tixerapeutic applications. The mediods and compositions are useful for cardiac 

20 surgery and other procedures, such as neurosurgery and vascular surgery, which require 
precise control of cardiac contraction. Other applications include non-invasive procedures 
such as percutaneous aortic aneurysm graft placement, and invasive procedures such as brain 
surgery. Using die methods and compositions disclosed herein for conducting a surgical 
procedure, such as a coronary bypass, a substantially motionless operative field is provided. 

25 In one aspect, tiiere is provided a method of mducing reversible ventricular asystole in 

a beating heart in a human patient the metiiod comprising administering a compound and a p- 

8 
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blodcer to the heart of the patient in an amount effective to induce ventricular asystole, while 
maintaining the ability of the heart to be electrically paced, wherein the p-blocker is 
administered in amount suflRcient to substantially reduce the amount of compound required to 
induce ventricular asystole. In one embodiment, the compound may be an atrioventricular 
5 (AV) node blocker. The p-blockcr may be administered in an amount sufficient to reduce die 
amount of AV node blocker* which is required to induce ventricular asystole, to, for example, 
about 50% or less by weight of the amount of AV node blocker alone required to induce 
ventricular asystole. The compound may be a cholinergic receptor agonist, such as carbachoL 
The cholinergic receptor agonist, such as carbachol, may be administered in an amount, for 

10 example, of about 0.1 to 4.8 jig/kg body weight/min. The P-blocker, may be, for example, 
propranolol. The propranolol may be administered, for example, in an amount of about 0.01 
to 0.07 mg/kg body weight In one embodiment, the P-blocker is propranolol and the AV 
node blocker is carbachol, and the propranolol is administered prior to or during 
administration of the carbachol. The propranolol and the carbachol may be administered, for 

15 example, to the coronary artery of the patient. 

In another embodiment, there is provided a method of inducing reversible ventricular 
asystole in a beating heart in a human patient, the method comprising administering a 
cholinergic receptor agonist and a P-blocker to the heart of the parient in an amount effective 
to induce ventricular asystole, wherein the amount administered of the cholinergic receptor 

20 agonist alone or the P-blocker alone is not sufficient to induce ventricular asystole- 

In another embodiment, there is provided a method of conducting a surgical procedure 
on a human patient comprising: administering a P-blocker and an AV node blocker to the 
heart of a human patient to induce reversible ventricular asystole while maintaining the ability 
of the heart to be electrically paced; electrically pacing the heart with an electrical pacing 

25 system; selectively intermittently stopping the electrical pacing to allow ventricular asystole; 
and conducdng the surgical procedure during the time that the electrical pacing is 

9 
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intennittentiy stopped. In one embodiment, the p-falocker is administered prior to the AV 
node blocker. The AV node blocker may be a cholinergic agent, such as carbachol. The p- 
blocker may be administered in an amotmt sufficient to substantially reduce the amount of AV 
node blocker required to induce ventricular asystole. The surgical procedure may be, for 

5 example, a cardiac surgical procedure. In one embodiment, die electrical pacing is selectively 
intermittently interrupted by a surgeon conducting the surgical procedure by selectively 
manipulating a control that is functionally coupled to the electrical pacing system. The ^ 
blocker and the cholinergic agent may be administered, for example, sequentially or 
simultaneously, and may be administered, for example, to the right or left coronary artery, left 

10 ventricle, the aorta, the right ventricle, the pulmonary artery, the pulmonary vein^ or the 

coronary sinus. The cholinergic receptor agonist, such as carbachol, may be administered, for 
example, in an amount of about 0.1 to 4,8 jtg/kg body weight/mm. The p-blocker, may be, for 
example, propranolol, vAdch may be administered, for example, in an amount of about 0.01 to 
0.07 mg/kg body weight In one embodiment, the P-blocker is propranolol and the AV node 

1 5 blocker is carbachol, and the propranolol is administered prior to or during adminisuadon of 
the carbachol. 

In one embodiment the propranolol is administered by a single bolus injection in the 
right or left coronary artery, prior to the administration of carbachol, and the carbachol is 
administered by a single bolus injection followed by continuous infusion into the right or left 

20 coronary artery to maintain the ventricular asystole. Surgical procedures that may be 

conducted include minimally invasive coronary bypass procedures, neurological procedures 
and endovascular procedures. Other surgical procedures include treatment of injuries to the 
liver, spleeru heart lungs, and major blood vessels, as well as electrophysiologic procedures 
and cardiac surgery with or without cardiopulmonary bypass. 

25 In another embodiment, there is provided a method of inducing reversible ventricular 

asystole in a human patient comprising administering carbachol to the heart of the patient 

10 
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The carbachol may be administered, for example, to the coronary sinus, or may be 
administered intravcntricuiarly, or to the aortic root or coronary artery of the patient 
OptionaUy, propranolol also may be administeted to the heart of the patient The propranolol 
may be administered, for example, prior to or during the administration of the carbachol. 

5 In a fiirther embodiment, there is provided a method of inducing reversible ventricular 

asystole in the heart of a human patient comprising administering carixichol to the patient at a 
dosage of about 1 to 15 mg, for example, about 1 to 12 mg. In another embodiment, there is 
provided a method of inducing reversible ventricular asystole in the heart of a human patient, 
the method con^rising administering eart>achol to the patient at a late of O.I to 4.8 ^g/kg 

10 body wdght/min. 

In another embodiment, there is provided a method of inducing reversible ventricular 
asystole in the heart of a human patient, the method comprising: administering an initial 
intracoronary bolus of cart)achol of about 0.1 to 10 )ig/kg body weight of the patient; and 
administering a contmuous intracoronary infusion of cariachol at arate of about 0.1-4.8 MgAcg 
body weight/min. The initial intracoronary bolus of cari)achol is administered, for example, 
over about 1-5 minutes. The intracoronary infusion of carbachol is administered, for example, 
over a time period of about 5 to 120 minutes. The initial intracoronary bolus may comprise, 
for example about 0.1 to 5 jtg carbacholAtg body weight, and may be provided in a suitable 
pharaiaceutically acceptable carrier. 
20 In a further embodiment, there is provided a method of inducing reversible ventricular 

asystole in a human patient comprising: administering an intracoronary bolus injection of 
about 0.01 to 0,5 mg of carbachol over about 0.5 to 3 minutes; and administering an 
intracoronary infusion of carbachol at a rate of about O.Ol to 0.3 mg/min over about 30 to 90 



15 



25 



minutes. 



In a further embodiment, there is provided a method of inducing reversible ventricular 
asystole of a heart of a human patient while maintaining the ability of the heart to be 
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eiectrically paced comprising: administering at least a first compound to the heart of the 
patient which is capable of inducing third-degree A V block of the heart; and administering at 
least a second compound to the heart of the patient which alone or in combinadon with the 
first compound is capable of substantially suppressing ectopic ventricular beats in the heart 

5 while maintaining the ability of the heart to be electrically paced. 

In another embodiment, there is provided a method of inducing reversible ventricular 
asystole in the heart of a patient, while maintaining the ability of the heart to be electrically 
paced comprising: administering an AV-nodc blocker and a compouiKl to the heart of ftc 
patient in an amount effecrive to induce ventricular asystole, while maintaining the ability of 

1 0 the heart to be electrically paced, wherein the compound is administered in an amount 

sufficient to reduce the amount of A V-node blocker required to induce ventricular asystole. 

In a further embodiment, a method of performing a surgical procedure on a human 
patient is provided, the method comprising: administering an effective amount of a 
composition capable of inducing reversible ventricular asystole to the patient, while 

1 5 maintaining the ability of the heart to be electrically paced; electrically pacing the heart with 
an electrical pacing system, thereby to maintain the patient's blood circulation; selectively 
imermittemly stopping the elecuical pacing to allow ventricular asystole; and conducting the 
surgical procedure during tiie time tiiat die electrical pacir^ is intennittentiy stopped. The 
composition capable of inducing ventricular asystole may comprise, m one embodiment, an 

20 atrioventricular (AV) node blocker. The composition may fiirtiier comprise a P-blocker, 

wherein the p-blocker is present in an amount sufficient to substantially reduce the amount of 
AV node blocker required to induce ventricular asystole. In another embodiment, die 
composition may comprise a cholinergic agent and a p-blocker, wherein the amount by weight 
administered of either die cholinergic agent alone or die p-blocker alone is not sufficient to 

25 induce complete heart block and suppression of ventricular escape beats, but in combination, 
due to a synergistic effect, is effective to induce ventricular asystole. 
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According to another aspect of the invention, a cardiac surgical procedure is conducted 
by inducing reversible ventricular asystole in the heart of a human patient without 
cardiopulmonary bypass, and/or without aortic cross-clamping. 

According to another aspect, a composition is provided that is c^iable of inducing 

5 reversible ventricular asystole in a patient, while maintaining the ability of the heart to be 
electrically paced. The composition may include an atrioventricular (AV) node blocker. In 
one embodiment, the composition may include a compound capable of inducing reversible 
ventricular asystole in a patient and a |J-blocker in an amount sufiScient to substantially reduce 
the amount of the compound required to induce ventricular asystole in the patient The 

10 composition may include, for example, an atrioventricular (AV) node blocker, such as 

carbachol and a P-blocker, such as propranolol The p-blockcr is provided in one embodiment 
in an amount sufficient to substantially reduce the amount of AV node blocker required to 
induce ventricular asystole. For example, the AV node blocker may be presem in the 
composition in an amount which is 50% or less by weight, or optionally about I to 20 % by 

15 weight of the amount of AV node blocker alone required to induce ventricular asystole. The 
composition may comprise, for example carbachol in a pharmacaitically acceptable solution 
at a dosage amount of about 1 to 20 mg. The comopsition may include propranolol in a 
pharmaceutically acceptable carrier in a dosage form for administration to a patient in an 
amount of about 0.01 to 0.07 mg/kg body weight of die patient In one embodiment, the 

20 composition may comprise propranolol present in a pharmaceutically acceptaUe solution at a 
dosage amount of about I to 10 mg. Mediods are provided for administering an effective 
amount of the compositions to a patient to induce reversible ventricular asystole during a 
surgical procedure. 

In another embodiment a composition is provided which is capable of inducing 
25 ventricular asystole in a patient, while maintaining the ability of die heart to be electrically 
paced comprising a cholinergic receptor agonist and a P-blocker. In one embodiment die 
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amount of either the cholinergic receptor agonist aione or the p-blocker alone in the 
composition is not sufficient to induce ventricular asystole in the patient 

In another embodiment, a sterile dosage form of carbachol is provided, vMch may be 
provided in form suitable for use in a surgical procedure. The dosage form of carbachol may 
be in a pharmaceutically acceptable form for parenteral administration, for example to the 
cardiovascular system, or directly to the heart, such as by intracoronary infusion. The 
carbachol may be provided in a variety of pharmaceutically acceptable carriers. In one 
embodiment, a sterile dosage form of carbachol is provided comprising about 1-20 mg of 
carbachol in a pharmaceutically acceptable carrier. Carriers include aqueous solutions 
including saline, aqueous solutions including dextrose, water and buffered aqueous solutions. 

In yet another embodiment, the invention provides the use of a P-blocker in the 
manufacture of a medicament for use in conjunction with a compound enable of inducing 
reversible ventricular asystole in the heart of a patient, for use in a method of inducing 
transient reversible ventricular asystole in the heart of a patient. vMt maintaining the ability 
of die heart be electrically paced, the amount of p-blocker being sufficient to reduce 
substantially the amount of the compound required to induce ventricular asystole. 

There is further provided the use of a compound capable of mducing reversible 
ventricular asystole in the manufacture of a medicament for use in conjunction with a 
P-blocker for use in a method of inducing transient reversible ventricular asystole in the heart 
of a patient, while maintaining the ability of the heart be electrically paced, the amount of 
P-blocker being sufficient to reduce substantially the amount of the compound required to 
induce ventrictilar asystole. 

In another embodiment, there is provided the use of a P-biocker in the manufacture of 
a medicament for use in conjunction with a cholinergic receptor agonist, for use in a metiiod 
of inducing transient reversible ventricular asystole in the heart of a patient, while maintaining 
the ability of the heart to be electrically paced, the amount of the cholinergic receptor agonist 
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administered alone or the p-blocker administered alone not being sufficient to induce 
ventricular asystole in the heart of the patient 

In another aspect, there is provided the use of a cholinergic receptor agonist in the 
manufacture of a medicament for use in conjunction with a p-blocker, for use in a method of 
inducing transient reversible ventricular asystole in the heart of a patient, while maintaining 
the ability of the heart to be electrically paced, the amount of cholinergic receptor agonist 
administered alone or the p-blocker administered alone not being sufficient to induce 
ventricular asystole in the heart of the patient 

Accorcting to another aspect of the invention, a patient may be prepared for coronary 
artery bypass by placing at least a ponion of a delivery device in a coronary vessel of the 
patient's heart and delivering a cardioplcgic agent to the AV node of the patient via the 
coronary vessel with the device, which may be a catheter, for example. In one embodiment, 
the device is placed in the right coronary artery of the heart of the patient. In another 
embodiment, it is placed in the left coronary artery of the heart of the patient The device may 
include an outlet and the outlet placed in the right coronary artety of the heart of the patient 
and immediately proximal to the AV node artery. In another embodiment, the device outlet 
may be placed in the AV node artery. In further embodiments, the device may be placed in 
the middle cardiac vein of the hean of the patient or in an ostium of a right or left coronary 
artery of the heart of the patient. In another embodiment, the device may be introduced 
through the femoral artery. The device also may be introduced through an incision in the aorta 
of the patient 

Accordmg to another aspect of the invention, a kit is provided comprising one or more 
agents capable of inducing ventricular asystole. For example, die kit may mclude separate 
containers of an AV node blocker and a P-blocker. In one embodiment, the kit is provided 
with a first container comprising a dosage amount of a cholinergic receptor agonist and a 
second container comprising a dosage amount of a p-blocker. Dosage amounts of cholinergic 

15 

SUBSimnE SHEET (RULE 26) 



wo 99/07354 



PCT/US98/16469 



receptor agonist and P-blocker may be included that are suitable for simultaneous, separate or 
sequential use in a surgical procedure for inducing transient reversible ventricular asystole in a 
patient In one embodiment, the cholinergic receptor agonist is carbachol and the P-blocker is 
propranolol The carbachol and/or propranolol may be in a phannaceutically acceptable 
5 carrier. According to one embodiment, the first container contains about 1 to 20 mg of 

carbachol, and the second container contains about I to 10 mg of propranolol. Other possible 
components of the kit include pacing electrodes, drug delivery devices and catheters. The 
electrodes may be, for example, epicardial or endocardial pacing electrodes. Other 
components of the kit can include pacing catheters and devices, and coronary pci&sion 

10 catheters and devices, catheter introducers, a pump system and/or tubes, or other surgical 
devices. The drug delivery device may be m various forms including a catheter, such as a 
drug delivery catheter or guide catheter, a cannula or a syringe and needle assembly. The drug 
delivery catheter may include an expandable member, and a shaft having a distal portion, 
wherein the expandable member is disposed along the distal portion. The expandable member 

15 may be a low-pressure balloon. The kit may be to packaged combination, such as m a pouch, 
bag or the like. The kit may fiather include instructions for the use of components of the kit in 
a surgical procedure, such as instructions for use of compounds to induce transient reversible 
ventricular asystole in the heart of a patient undergoing a surgical procedure. 

According to another aspect of the invention, a pacmg system is provided comprising 

20 an extracorporeal pacer for delivering pacing signals to a human heart, a switch coupled to the 
pacer, and a switch actuator arranged remote from the pacer. The remote actuator may 
enhance procedure control when used, for example, during a surgical procedure. The pacing 
system may include pacing leads coupled to the switch and adapted for coupling to the heart 
of the patient. The switch may be remote from the pacer. The actuator may be remote from 

25 the switch. Further, the actuator may take various forms. For example, m one embodiment, 
the actuator may comprise a foot pedal and in another, it may comprise a needle holder. An 
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actuator override circuit also may be provided as well as indicators indicating various states of 
pacing. 

The above is a brief description of some deficiencies in the prior art and advantages of 
the present invention. Other features, advantages and embodiments of the invention wiU be 
apparent to those skilled in the art from the follovdng description, accompanying drawings 
and appended claims. 



BRIEF DESCRIPTION OF THE DRAWINGS 

10 Figure 1 diagramatically shows a paring system in accordance with the principles of 

the invention; 

Figure 1 A and 1 B are circuit diagrams of a control switch and an actuator used in the 
pacing system of Figure I; 

Figure IC is a schematic representation of a control box accorduxg to the present 
15 invention; 

Figure ID diagrammatically shows one outlet lead arrangement coupled to the heart of 
a patient; 

Figure IE diagrammatically shows another outlet lead arrangement coupled to the 
heart of a patient; 

20 Figure 2 illustrates a drug delivery catheter prior to insertion into Ae coronary sinus in 

accordance wiA the invention; 

Figure 2A is a sectional view of the catheter of Figure 2 taken along line 
2A-2A; 

Figure 3 illustrates placement of the distal end portion of the catheter of Figure 2 in the 
25 coronary sinus; 

Figure 3A is a sectional view of the distal portiori of the catheter of Figure 3; 
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Figure 4 illustrates another coronary sinus catheter configuration; 

Figure 5 depicts a drug delivery catheter positioned for intra-aortic drug delivery in 
accordance with the present invention; 

Figure 6 illustrates a drug delivery catheter positioned for drug delivery local to the 
5 AV node branch m accordance with the present invention; 

Figure 7 illustrates another embodiment of the catheter of Figure 6 showing a curved 
distal end portion for directing fluid toward the A V node; and 

Figure 8 depicts the catheter of Figure 7 with its bent distal end portion directed 
toward the AV node branch. 

10 

DETAILED DESCRIPTION 

Compositions and methods are provided which are useful for medical and surgical 
therapeutic applications. The compositions and methods are vscM for caidiac surgery and 

15 other procedures such as neurosurgery and vascular surgery which require precise control of 
cardiac contraction. In one embodunent, the compositions and methods are useful for 
coronary artery bypass procedures, with or without cardiopulmonary bypass. Using the 
methods and compositions for conducting a coronary artery bypass disclosed herein, a 
motionless operative field is provided. 

20 The methods and compositions of the invention are useful for any procedure which 

requires controlled temporary complete heart block and suppression of ventricular escape 
beats. Examples of such procedures include coronary bypass surgery (with fiill or partial 
sternotomy or thoracotomy), transmyocardial laser revascularization, tachyarrhythmia 
operations such as electrophysiology lab procedures (diagnostic and therapeutic ablation of 

25 arrhythmias), imaging procedures of the heart and great vessels such as CAT scan or MRI 
procedures, percutaneous translimiinal coronary angioplasty, placement of stents such as 
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coronary or aortic stents, operations where uncontrollable hemonhage is present or anticipated 
or control of significant hemorrhage is required during the surgical procedure (for example, 
treatment of injuries to the liver, spleen, heart, lungs, or major blood vessels, including 
iatrogenic and traumatic injuries to such organs or structures), other procedures including 
5 percutaneous aortic aneurysm graft placement, and neurosurgical procedures, such as 
aneurysm repair. The methods and compositions are useful for any surgical procedure or 
intervention on the heart, vascular system, brain, or other major organs, where pulsatile flow, 
movement associated with arterial pulsations, or bleeding prevents successfiil completion of 
the operative procedure. 

10 The compositions and methods can be used to induce ventricular asystole in a patient, 

for example, prior to a surgical procedure. The tenn "ventricular asystole" as used herein 
refers to a sute wherein autonomous electrical conduction and escape rhythms in the ventricle 
are suppressed. Preferably, a state of the heart is induced wherein ttie heart beats less than 
about 25 beats per minute, for example, less than about 12 beats per minute. The induced 

15 ventricular asystole is reversible and after reversal, the heart fimctions are restored, and the 
heart is capable of continuing autonomous function. Preferred are pharmaceutically 
acceptable compositions which are capable of inducing transient reversible ventricular 
asystole reliably and predictably. 

The compositions capable of suppressing autonomous ventrical electrical conduction 

20 and escape rhythms may in one embodiment comprise an atrioventricular (AV) node blocker. 
As used herein, the term "AV node blocker" refers to a compound capable of revcrsibly 
suppressing autonomous electrical conduction at the AV node, while still allowing the heart to 
be electrically paced to maintain cardiac output. Preferably, the AV node blocker, or 
composition comprising the AV node blocker, reduces or blocks ventricular escape beats and 

25 cardiac impulse transmission at the AV node of the heart, while the effect on depolarization of 
the pacemaker cells of the heart is minimal or non-existent. The AV node blocker preferably 
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induces third degree, or complete AV block, or significandy slows AV conduction to the point 
where the ventricular beat is less than about 25 beats per minute, for example less than about 
12 beats per minute. The AV node blocker, or composition comprising the AV node blocker, 
preferably induces reversible ventricular asystole, and renders the heart totally pacemaker 
5 dependent for a limited period of time, such that a pacemaker may be used to maintam pacii^ 
and to intermittentiy stop pacing during a surgical step. After the surgical procedure is 
completed, for example, less than about 2 hours, the heart then can be renimed to its normal 
intrinsic rhythnu 

Exemplary AV node blockers include calcium channel blockers, ^deqosinc Al 

10 receptor agonists, adenosine deaminase inhibitors, cholinesterase ujhibitors, monoamine 
oxidase inhibitors, serotoninergic agonists, antianythmics, caitiiac glycosides, local 
anesthetics and combinations thereof. Examples of AV node blockers include adenosine, 
digoxin, digitalis, procaine, lidocaine, procainanude, quinidine, verapamil, chloroquinc, 
amiodarone, etimiozine, propafenone, flecainide, encainide, pilocarpine, diltiazem, 

15 dipyridamole, ibutilide, zapranest, sotalol and metoclopromide and combuiations thereof. AV 
node blocking also can be achieved by other methods including direct electrical stimulation, 
v^al nerve stimulation, stimulation witii ultrasonic energy, and temporary cooling of the AV 
node using a cryonic agent. Cryonic ^ents include devices, such as cryostats, and cryogenic 
chemicals which are capable of inducing low temperatures at the AV node. 

20 The AV node blocker, capable of causing ventricular asystole, in a preferred 

embodiment is a cholmergic agent As used herein, the tenn "cholinergic agent" refers to a 
cholinergic receptor modulator, which is preferably an agonist. The cholinergic agent in a 
preferred embodiment is carbachol (carbamyl choline chloride). Otiier cholinergic agents 
which may be used include any naturally occurring cholinergic (acetylcholine) receptor 

25 agonists or syntiietic derivatives. Exemplary cholinergic agents include acetylcholine. 
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methacholine, bethanechol. arecoline, norarecoline. pyridostigmine, neostigmine, and other 

agents that increase cyclic GMP levels by direa or indirea receptor stimulation. 

In one embodiment, compositions and methods are provided which are capable of 

slowing or preventing autonomous conduction of electrical impulses from the sinoatrial node 
5 to the ventricle, with suppression of escape beats in the AV node and the ventricle. 

Preferably, a state of the heart is induced wherein the heart beats less than about 25 beats per 

minute, for example, less than about 1 2 beats per minute. 

As used herein, the term "P-adrenergic blocking agmt," also refened to as a "P- 

blocker", is defined as an agent which is capable of blocking P-adrenergic receptor sites. In a 
10 preferred embodiment, the P-blocker is propranolol. Other p^Iockers which can be used 

include atenolol, acebutolol, labetalol, metoprolol. nadolol, oxpienolol. penbutolol, pindolol, 

sotalol and timolol. Other exemplary p-blockers mdude celiprolol, betaxolol, bevaniolol. . 

bisoprolol, esmolol, alptenolol, canerolol, nadolol or teratolol, and mixtures thereof The P- 

blocker may be any naturaUy occurring or synthetic analogue capable of blocking P- 
15 adrenergic receptor sites. 

In one embodiment, reversible ventricular asystole in a beating heart in a human 
patient is induced by administering to a patient a composition capable of suppressing 
autonomous ventricular electrical conduction and escape rfiythms. In one embodiment, the 
composition capable of inducing ventricular asystole may comprise a first compound capable 

20 of inducing ventricular asystole, such as an AV node blocker, and a p-blocker present in an 
amount sufficient to substantially reduce the amount of the compound required to induce 
ventricular asystole. In one embodiment, the combmation of the compound, such as an AV 
node blocker together with the P-blocker provides a synergistic effect such that the amount of 
AV node blocker required to induce reversible ventricular asystole may be reduced in 

25 comparison to the amount of AV node blocker required alone. Methods also are provided 
wherein the p-blocker is administered either prior to or contemporaneously with the 
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compound capable of inducing ventricular asystole, in an amount effective to substantially 
reduce the amount of the compound required to be administered to induce ventricular asystole. 

In a particular embodiment, ventricular asystole is induced in a beating heart in a 
human patient by administering a cholinergic receptor agonist and a p-blodwr to the heart of 
5 the patient in an effective amount to induce ventricular asystole, wherein the amount 

administered of the cholinergic receptor agonist alone or the p-blocker alone is not sufBcient 
to induce ventricular asystole. In one embodiment, the co-administration of the P-blocker 
with the cholinergic agent provides a synergisdc effect, such that the amount of cholmetgic 
agem which is administered to induce reversible ventricular asystole can be reduced. 

10 Reversible ventricular a^stole in the heart of a human patient thus may be induced by 

administration of an AV node blocker, or mature of AV node blockers, to the heart of the 
patient Reversible ventricular asystole optionally is induced by administration of the 
combination of an AV node blocker, such as a cholinergic agent, and one or more p-blockas 
to the heart of the patient The P-blocker is preferably administered either prior to or 

15 contemporaneously with the AV node blocker. 

In an embodiment wherein a surgical procedure is to be conducted, after inducing 
reversible ventricular asystole, the method fvirther includes electrically pacing the heart widx 
an electrical pacing system, thereby to maintain the patient's blood circulation; selectively 
intermittently stopping the electrical pacing to allow ventricular asystole; and conducting the 

20 surgical procedure during the intervals of dme that the electrical pacing is intermittendy 
stopped. 

The method may be used, for example, in a cardiac surgical procedure. Electrical 
padng may be controlled by a surgeon conducting die surgical procedure by selectively 
manipulating a control that is functionally coupled to the electrical pacing system. Once 
25 reversible ventricular asystole is achieved, pacing of the heart may be implemented using a 
external pacemaker connected to the heart, and the pacemaker may be periodically deacmated, 
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for example by way of a foot switch, to allow reversible ventricular asystole, thereby 
fecilitating the performaiKe of coronary artery bypass, with or without cardiopulmonary 
bypass, or other procedures elsewhere in the body of the patient. 

For example, to conduct a coronary artery bypass, the patient's heart is provided vwth 

5 ventricular pacing dectrodes connected to an electrical pacing device, which is controlled by 
the surgeon. A composition, for example, comprising an AV node blocker and a P-blocker, 
tfien is administered to the patiem to induce reversible ventricular asystole. The surgeon then 
employs the pacing device to pace the heart and sustain the patient's circulation. The surgeon 
intermittently stops the electrical pacing for a few seconds to place a single suture, and re- 

1 0 starts it after each successive suture, thus pennitting a precise coronary anastCMnosis to be 
performed. In this metfiod, the ventricles (and/or atria) are electrically paced and maintain a 
normal cardiac ou^ut except for the brief periods of time that are required to accurately place 
a single suture in the coronary anery, preferably about 2 to 15 seconds, and more preferably 
about 2 to 5 seconds. Using the methods and compositions described herein, the rate and 

1 5 timing of ventricular contraction can be directly controlled. 

In the method, the composition indudng ventricular asystole, such as an AV node 
blocker in combination with a P-blocker or AV node blocker administered after a p-blocker, 
may be mfiised through a catheter placed into the right coronary artery. 

In one embodiment, the composition is delivered locally to the AV node of the heart 

20 upon which it acts via the AV node artery of the heart. Preferably the composition is 

delivered to the right coronary artery which feeds Mood to the AV node artery. In a majority 
of patients, the right coronary artery is the main vessel supplying blood to the right side of the 
heart and to the AV node. However, where the right coronary artery is substantially totally 
occluded, and in a small subset of about 20% of patients, the first septal branch of the left 

25 anterior descending artery which originates from the left coronary artery may be the vessel 
which delivers blood to the AV node and can be selected as the delivery conduit for delivering 
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the composition to the AV node. Additionally, other possible routes of administration to the 
AV node may include Kugel's artery and the right superior descending artery. Preferably, the 
composition is delivered to the right coronary artery or left coronary artery at a location near 
the bifurcation to the AV node artery and proximal to the right coronary artery's bifurcation 
5 into the posterior descending aiteiy by any one of a number of drug delivery means, such as a 
drug delivery catheter suitably positioned within the right coronary artery. Other methods of 
administration may be used including hypodermic needle injection into, for example, any of 
the vessels noted above which may supply blood to the AV node, such as the right coionaiy 
artery or die first septal branch. Other methods of administration include needle iiy ection mto 

10 the aorta, needle injection dirccdy into the AV node anery or the AV node itself; a 

transepicardial absorption pad, ie.. a myocardial patch which slowly releases the composition 
directiy into the heart's myocardium, and for example, an intraoperative cannula or other 
similar guide introducer or sheath which can be surgically placed by a surgeon into the aorta 
or die ostium of a coronary vessel witiiout the need for X-ray fluoroscopy. 

15 As the composition achieves die desired effect of ventricular asystole, the ventricle is 

electrically paced to maintain a stable riiythm and blood pressure. To interrupt die electrical 
pacing of the heart, the surgeon uses a convenient control means, such as a foot pedal or hand 
held actuator, as shown in Figure 1 . and is tiiereby able to stop the heart as sutures are placed 
in the coronary arterial wall. Because die heart is motionless during the critical period as the 

20 surgeon places sutures, precision and safety are enhanced. The time required to place a single 
suture mto the coronary artery preferably does not exceed 15 seconds, and is preferably about 
2 to 5 seconds, most preferably about 2 to 4 seconds. Thus, the compositions can permit the 
elimmation of tiie translational motion of die beating heart. 

Compositions capable of inducing ventricular asystole in a patient ate provided vAadb. 

25 in one embodiment include a cholinergic receptor agonist and a P-blocker, wherein die amount 
of the cholinergic receptor agonist alone or die p-blocker alone in die composition is not 
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sufficient to induce ventricular asystole in the patient. Methods are provided wherein the 
cholinergic receptor agonist and the ^blocker may be administered, either sequentially or 
together, thereby to induce ventricular asystole in a patient, M^erein the amount of the 
cholinergic receptor agonist administered alone or the p-blod:er administered alone is not 
S sufficient to induce ventricular asystole in the patient 

In one embodiment, wherein a cholinergic agent and a p-blocker are administered to 
the heart of a human patient to induce reversible ventricular asystole, when the p-blocker used 
is propranolol and the cholinergic receptor agonist used is carbachol, a continuous infusion 
rate of about 0.1 to 4.8 jtg/kg/min of carbachol can be used^ eg., an infusion rate of carbachol 

10 of 0.1 to 2.1 jxg/kg/rain, or about 0.1 to 1.5 jig/kg/min, or in one preferred embodiment, -about 
1 J to 2. 1 ng/kg/min. When an initial bolus of propranolol is administered prior to or during 
administration of an iniual bolus of carbachol, the ratio by weight of propranolol to carbachol 
in the bolus injections can range, for example, from about 1 :2 to 35: 1 , or, in another 
embodiment, from about 1:1 to 15:1, or, in another embodiment, from about 2:1 to 10:1, or, in 

15 anotherembodiment, is about 5:1. 

In another embodiment, compositions capable of inducing ventricular asystole in a 
patient axe provided, comprising a compound, such as an atrioventricular ( AV) node blocker, 
and a (J-blocker. wherein the p-blocker is present m an amount sufficient to substantially 
reduce die amount of the compound required to induce ventricular asystole in the patient The 

20 AV node blocker is preferably a cholinergic agent Due to the synergistic effect of tiie 
presence of the p-blocker, the choimergic agent may be present in tiie composition in a 
reduced amount which is, for example, about 1-90%, about 1-50%, or about 1-20%, or for 
example, about 2-14%, or in another embodiment about 80% or less, for example about 50% 
or less, or about 1 0% or less by weight of die amount of die cholinergic agent alone required 

25 to induce ventricular asystole in xht patient Advant^eously, die co-administration of the P- 
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blocker with the AV node blocker provides a synergistic effect, such that the amount of AV 
node blocker which is administered to induce ventricular asystole may be reduced. 

Additionally, in the methods disclosed herein, ventricular asystole may be induced in a 
patient by administration, together, or sequentially, of a compound, such as an AV node 
5 blocker, together with a p-blocker, wherein &e p-Wocker is administered m an amount 
sufficiem to substantially reduce the amount of the compound required to induce ventricular 
asystole in the patient. In a preferred embodiment, the compound is a cholinergic agent, such 
as carbachol. Due to the synergistic effect of the administration of die p-blocker, the 
cholinergic agent may be administered in reduced amount which is, for example, about 1- 
1 0 90%, about 1-50%, or about 1-20%, or in one embodiment, about 2-14%, or in another 
embodimem about 80% or less, about 50% or less, or about 10% or less by weight of the 
amoum of the cholinergic agent alone required to induce ventricular asystole in the patient. 

AddiuonaUy, due to die synergistic effect, the p-blocker may be present in 
combination with other compounds capable of inducing ventricular asystole, in an amount 
15 effective to reduce the amount of the compound required to induce ventricular asystole, for 
example to about 5-90%, e.g., 30-50% or less by weight of the amountalone required to 
induce ventricular asystole. 

The administration of the P-blocker is preferably prior to, or contemporaneously with, 
the administrauon of the cholinergic agent, and in one embodiment results in a synergistic 
20 effect between die p-blocker and the cholinergic agent, TTie amount of p-blocker present is 
preferably not suflScient to induce ventricular asystole by itself, and is sufBdent only to cause 
a local p-blockade, but has a minimal effect on electrical conduaion of the hean, or is low 
enough to cause only a first degree heart block. 

In another embodimem, in order to induce reversible ventricular asystole in the heart 
25 of a patient, while maintaining the abiUty of die heart to be electrically paced, an AV node 
blocker is administered in combination with an effixtive amount of a second compound, such 
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as a P-blocker to reduce or suppress ectopic, ventricular activity while maintaining the ability 
of the heart to be electrically paced. In one embodiment, the p-blocker, alone or in 
combination with the AV node blocker, is capable of substandally suppressing ectopic 
ventricular beats in the heart while maintaining the ability of the heart to be electricaUy paced. 
5 For example, an AV node blocker, such as an antianythmic, such as flecainide, and a ^- 
blodcer, such as propranolol, tnay be administered. In one preferred embodiment, the p- 
blocker is administered prior to the AV node blocker. In another embodiment, a composition 
is provided that includes an A V node blocker and a p-blocker in an amount effective to induce 
reversible ventricular asystole and wherein the p-blocker is present in an amount effective to 

10 reduce or sq^jress ectopic ventricular activity after administration. 

The use of a cholinergic agent, such as carbachol, in combination wth a p-blocker, 
such as propranolol, preferably produces ventricular asystole at significantly reduced dosages 
of the cholinergic agent, while maintaining a short half-life and rapid onset of effect A 
preferred half-life is on the order of about one to ten minutes. A preferred onset of effect is 

15 less than one minute after administration. It is possftle to induce onset of ventricular asystole 
within about thirty seconds after administration of cariwchol and p«)pranolol to the heart 

The compositions preferably are capable of inducing reversible transient ventricular 
asystole of a beating heart to facilitate the performance of minimally invasive surgical 
procedures, while still pemiitting the heart to be electrically paced. The compositions, 

20 including for example a cholinergic agent, preferably can reliably and in a dose-dependent 
feshion produce extended periods of reversible ventricular asystole, for example, for up to 
about two hours upon either administration of a single dose, or continuous infusion, depending 
upon the composition. In preferred embodiments, the ventricular asystole is chemically 
reversible. For example, in the case of carijachol, the ventricular asystole can be reversed by 

25 administering atropine, for example by an intravenous bolus injection, pK>viding an important 
advantage of safety during the procedure. 
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In one preferred embodiment, to induce ventricular asystole, the p-blocker is 
administered to the heart before the cholinergic agent For example, the p-blocker in one - 
embodimem is administered in a single bolus injection into the right or left Mronary arteiy, 
and then the cholinergic agent is administered by a single bolus injection followed by 
5 continuous infusion into the right or left coronary artery throughout the surgical procedure, to 
maintain the ventricular asystole. In another embodiment, where the p-blocker has a relatively 
short half life, such as esmolal, the p-biocker may be administered by continuous infiision, or 
a plurality of bolus infiisions. The ventricular asystole continues as long as administration of 
the cholinergic agent is continued. In a preferred embodiment, due to the prior administration 

10 of the p-blocker. it is possible to administer a significantiy reduced amount of the cholinergic 
agent and thereby reduce the occurrence of side-eflfects such as systemic hypotension. 
Moreover, depolarization of the pacemaker cells of the heart by the administered composition 
is preserved, tiiereby making it possible to selectively electrically pace tiie heart to permit the 
perfomiance of a surgical procedure while the heart is under transient ventricular asystole. 

15 The time between administration of die p-blodcer and the cholinergic agem is 

preferably long enough to permit tije p-blocker to cause a local p-blockade of die pacemaker 
cells of the heart. After bolus administration, the time interval can be, for example about two 
minutes. In the case of intravenous or other forms of administration, several minutes or even 
hours may be required to permit the p-blocker to affect the pacemaker cells of tije heart The 

20 subsequent administration of die cholinergic agent may be controlled by the surgeon. Bolus 
infiision of higher doses can be used to give a dose dependem effect, while continuous 
infiision of lower doses also may be given to maintain ventricular asystole. In anotiier 
embodiment, the p-blocker may be administered by an initial intracoronary bolus followed by 
a continuous infiision. 

25 In one embodiment, the AV node blocker, such as a cholinergic agent, such as 

carbachol. is administered in an initial intracoronary bolus of about 0.1 to 1 50 jtg/kg body 
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weight of patient, or about 2 to 20 ngflcg body weight of patient, for example, about 4 to 16 
Mg/kg, or about 6 to 14 jig/kg. or in one embodiment, about 8 to 12 ^ig/kg body weight, in a 
suitable phaimaceutically acceptable earner. The AV node blocker, such as caibachol, is 
preferably administered over a time period of about 0.1 to 3 minutes, preferably about 0.5 to 1 
5 minute. In a preferred embodimenU the AV node blocker, such as a cholinergic agent, such as 
carbachol, is administered in an intracoronary bolus of about 0.10 to 10 fig/kg body weight of 
patient, for example about 0.10 to 5.0 Jigflcg body weight in a pharmaceutically acceptable 
carrier over a time period of about 0.1 to 3 minutes, preferably about 0.5 to 1 minute. 
The bolus infusion of the AV node blocker such as a cholinergic agem is in one 

10 embodiment followed by a continuous intracoronary infusion at about 0.1-5 pg/kg body 

weight/ min of the AV node blocker, which in a preferred embodiment is a cholinergic agent 
The infijsion rate in one embodiment is about 0. 1-4.8 ^gAcg body weight of patient/min, for 
example about 0.1-2.1 figflcgyinin, or about 0.1-1.5 ng/kg/min, or about 0.1-1.0 ng/kg/min, or 
in another embodiment, about 0.1-0.5 ng/kg/min. Optionally, the cholinergic agent is 

15 combined with a P-blocker. In one embodiment, a typical total adult dosage of an AV node 
blocker, such as a choUnergic agent, such as carbachol, is about I mg to 15 mg. TWs dosage 
can produce reversible ventricular asystole, for example, for a time period of about 5 to 120 
minutes, for example, about 5 to 90 minutes, preferably about 30 to 90 minutes, e.g., about 75 
minutes. The dosage may also be, for example, about 1 to 12 mg. or about 1 to 10 mg, or in 

20 one embodiment about 1 to 5 mg. The dosage may be adjusted depending on die surgical 
procedure. 

The p-blocker, such as propranolol, in one embodiment is administered through die 
right or left coronary artery in a dosage of about O.Ol to 0.07 mg/kg body weight of patient, 
for example. 0.01 to 0.05 mg/kg, or about 0.01 to 0.04 mg/kg. The total amount of 
25 propranolol administered is in one embodiment about 1 mg to 6 mg. e.g.. about I mg to 5 mg, 
or. for example, about 2 to 4 mg, or about 3 mg. 
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For exanqjie, one embodiment to induce transient reversible ventricular asystole in a 
paricrt is as follows. An intracoronary injection of 0.5 to 4 mg, e.g.. about 1.0 mg, of 
propranolol is administered by intracoronary infusion through a drug delivery catheter 
positioned in the right coronary artery just proximate to the AV node artery, over a time period 
5 of about 0 J-3 minutes, e.g.. about I minute, preferably followed by a saline flush, such as a 2 
mL saUne flush. This is followed by an intracoronary bolus injection of about O.Ol to 0.5 mg, 
e.g., about 0.025 to 0 J mg, e.g., about 0.1 mg carbachol administered over about OJ to 3 
minutes, e.g.. about 1 mmute, and then by an intracoronary infiision of carbachol at a rate of 
about 0.01 to 0.3 mg/min, e.g^ about 0.025 to 0.3 mgtoin, for example, about 0.01 to 0.1 

10 mg/min. or, e.g.. about 0.05 to 0.1 mgAnin, e.g. about 0.0825 mgtoin, fora time period of 
about 5 to 90 minutes, preferably about 30 to 90 minutes. e.g^ about 75 minutes. A dosage 
amount of phenylephrine in the range of about 0,1 to 1.0 mg if needed may be administered to 
counteract any hypotension effects associated with cari>achol administration. Additionally, 
nitroglycerine may be required in some patients to counteract the coronary vasodilator eflfects 

15 of systemic phenylephrine administration. 

Additionally, in one embodiment, where the patiem is under prior therapeutic 
treatment with a p-blocker. lower amounts of p-blocker, or akematively no jj-blocker may be 
required prior to the surgical procedure. Moreover, in certain situations overdrive suppression 
iie., pacing at about 90 to 1 10 beats/min for about 10 seconds) may be used iri addition to tiie 

20 initial intracoronary bolus of carbachol and propranolol to initiate ventricular asystole prior to 
carbachol continuous infusion. 

Compositions may be administered by intravenous, intracoronary and intraventricular 
administration in a suitable carrier. Compositions may be administered locally to tiie heart, 
for example, by direct infusion to tiie right coronary artery as a single bolus injection, 

25 continuous infiision, or combination tixereof. This can be achieved, for example by 

administration to tiie proximal or ostial portion of tite right coronary artery, using a guiding 
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catheter or drug delivery catheter, or by administration just proximal to the AV node artery by 
means of a drug delivery catheter positioned in the right coronary artery. Iniiavcatricular Oeft 
side) ij^jection also may be used. Continuous infusion can be continued as long as necessary 
to complete the procedure. In one embodiment, Ae infuaon rate can range from about 0.01 to 

5 0.5 mg-min-*, e.g.. about 0.01 to 0.3 mg-min-', or about 0.015 to 0.15 mg-min ', for example 
about 0.016 to 0.12 mg-min'. Methods of administration include intravenous, intra-atrial, 
intra-aortic, and administration via the aortic root, or coronary artery. Administration may be 
via any suitable route, for example via the left or right ventricle, for example proximal to fbt 
AV node artery, or via the aorta, pulmonary artery, pulmonary vein, middle cardiac vein, right 

10 atrium or the coronary sinus. In another embodiment administration may be by dirert 

administration into the AV node artery or AV node. In one embodiment, administration may 
be via a hypodermic needle to the AV node. 

In addition to local delivery, systemic delivery routes of administration known in the 
art may be used, such as oral, transdermal, intranasal, suppository and inhalatioa For 

1 5 example, in addition to injection as described above, the (V-blocker may be administered orally 
in a suitable carrier for oral administration. The patient also may be on therapeutic treatment 
with a p-blocker prior to the surgical procedure and thus may require lovirer amounts, or even 
no additional P-blocker prior to the surgery. 

The composidons capable of inducing ventricular asystole, such as an AV node 

20 blocker and p-blocker, may be provided in pharmaceutically acceptable carriers including 
diluents. A variety of carriers m^ be used that are known in the art, preferably in sterile 
fonn. Suitable carriers include sterile water, aqueous normal saline solutions, and aqueous 
solutions such as lactated Ringer's solution, or a solution of a sugar such as dextrose, for 
example 5% dextrose in water or saline. Other possible carriers, which may be provided, for 

25 exanq)le, in an aqueous solution, include sodium citrate, citric acid, amino acids, lactate, 
mamjitol, maltose, glycerol, sucrose, ammonium chloride, NaCl, KCl, CaClj, sodium lactate. 
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and sodium bicarbonate. In one embodiment, the carrier may be D5W, a solution of 5% 
dextrose in water. Other carriers include buffered aqueous solutions, such as an acqueous 
solution comprising 5 mM HEPES (N-l2-hydroxyethyl)piperazine-N'-(2.<thanesuIfonic 
acid]). Antioxidants or preservatives such as ascorbic acid also may be provided in the 

5 compositions. Carriers known in the art, for example, for iiyection, oral deliveiy, delivery via 
a suppositoiy, transdermal delivery and inhalation also may be used. 

In one embodiment, compositions are provided which include an AV node blocker, 
such as a cholinergic agent and p-blocker cither together or sq)aratdy in a phamiaccutically 
acceptable carrier. In another embodiment, containers containing unit dosage forms of the AV 

10 node blocker, such as a cholinergic agent and the p-blocker, either in sq»rate containers or in 
a single container are provided. In one embodiment, unit dosage fomis of caibachol and 
propranolol are provided either in separate containers or in a single container for 
administration to a patient, optionally in combination with a pharmaceuticaily acceptable 
carrier. For example, carbachol can be present in a pharmaceuticaily acceptable carrier in a 

15 dosage form for administration to a patient in an amount of about 5 to 150 (ig/kg body weight 
of the patient, or in a total amount of ftom about 1 to 20 mg, or in a total amoum of about 5 to 
1 0 mg. The propranolol can be present in a phamiaceutically acceptable carrier in a dosage 
fomi for administration to a patient in an amount of about 0.01 to 0.07 mg/lcg body weight of 
the patient, or in a total amoum of about 1 to 10 mg, or in a total amount of about I to 5 mg. 

20 Carbachol is available commercially fix)m Sigma Chemical Company, St. Louis, MO. 

Thus, in one aspect of the invention, there is provided a compoation comjOTsing an 
AV node blocker or a (J-blocker, or a combinarion thereof in a pharmaceuticaily acceptable 
carrier. The composition, may be provided for example as an aqueous solution, or in the form 
of a suspension or emulsion. Optionally, the composition may include a mixture of AV node 

25 blockers and/or a mixture of p-blockers. The composition may be provided in a form suitable 
for parenteral administration. In the embodiment wherein the composition comprises water, 
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the water is preferably processed, for example by compression distillation, to ensure that it is 
sufiRciently purified to be suitable for parenteral administration. Methods for making 
compositions of a quality suitable for parenteral administration are disclosed for example, in 
Gennaro, "Remington: The Science and Practice of Pharmacy Mack Publishing Co^ Easton, 

5 Pennsylvania, 1995, Vol. 2, Chapter 87. the disclosure of which is incorporated herein. In one 
embodiment, the composition is provided in a form suiuible for administration to the 
cardiovascular system during a surgical procedure. In one embodiment, the AV node blocker 
is a cholinergic agent In a preferred embodiment, the A V node blocker is carbachol. The 
pharmaceutically acceptable composition comprising the AV node blocker or p-blocker, or 

1 0 combination thereof, may be provided, for example in an aqueous solution, in a contuner, 
such as a vial, at a concentration suitable for direct administradon to a padent, or may be 
diluted, for example with saline. 

In one embodiment, a pharmaceudcally acceptable composition comprising an AV 
node blocker, such as cholinergic agent, is provided, which may be used to permit local 

15 cardiac administration of the AV node blocker. In one embodiment, there is provided a 
pharmaceutically acceptable composition comprising carbachol, wherein the composition is 
suitable for parenteral administration. Preferably, the carrier is suitable for intracoronary 
adminisuation. The carbachol may be provided in an aqueous carrier, such as water. In the 
composition, which optionally may be diluted prior to local cardiac administration, the 

20 concentration of carbachol may range, for example, from about O.OI mg/mL to 2.55 mg/mL, 
e.g^ about 0.1 to 1 .0 mg/mL. In one embodiment, the con:q)osition may further comprise a jj- 
blocker, such as propranolol, at a concentration, for example, of about 0.5 to 6 mg/mL. for 
example about, 0.5 to 3 mg/mL. or, e.g., about 1 .0 to 2.0 mg/mL or about 1 .0 mg/mL. If 
needed, the composition may be diluted to a concentration suitable for local administration to 

25 the heart, e.g., via an inuracoronary bolus or infusion. 
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Phannaceutically acceptable compositions also are provided including an AV node 
blocker, such as a cholinergic agent and/or a p-blocker that are suitable for direct local cardiac 
administration. In one embodiment, there is provided a pharmaceutically acceptable 
composition comprising carbachol, wherein die composition is suitable for direct local 

5 administration, for example, to a coronary vessel such as the right coronary artery. The 
carbachol is, for example, provided in an aqueous carrier, such as water. In one embodiment, 
the carbachol is provided in physiologic saline. In the composition, the concentration of 
carbachol may range, for example, from about 0.001 to 2.55 mg/mL, for example, about 0.01 
to 2.5 mg/mL, or about 0.05 to 1.0 mg/mL, eg., about O.OI to 0.5 mg/mL, for example, about 

10 0.05 mg/mL to 0.2 mg/mL. or e.g., about 0.1 to 02 mg/mL, or about 0.075 mg/WL. The 
composition may optionally further con^se a P-blocker, such as pK^tanolol. at a 
concentration, for example, of about 0.05 to 6.0 mg/ml, for example, 0.05 to 3.0 mg/mi, or, 
e.g., about 1.0 to 2.0 mg/ml, or about l.O mg/mL. In this embodiment, the composition is 
suitable without dilution for local administration to tiie heart, e.g., via an intracoronaiy bolus 

15 or infusion. 

In anotiier aspect of the invention, diepe is provided a surgical kit including a container 
comprising a dosage of a cholinergic agent, such as carbachol. In one embodiment, a surgical 
Idt is provided that includes a first container comprising a cholinergic agent and a second 
container comprising a P-blocker, wherein in one preferred embodiment, die cholinergic agent 

20 is carbachol and the p-blocker is propranolol. The containers may mclude respectively a 
prefened dosage form of die carbachol and of die propranolol. The first container may 
include a carbachol in a pharmaceutically acceptable carrier, and die second container may 
include propranolol in a pharmaceutically acceptable carrier. Alternatively, die cholinergic 
agent and the p-blocker may be provided in a single container, optionally in combination widx 

25 a pharmaceutically acceptable carrier. The kit may fimher include epicardial or endocardial 
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pacing electrodes or any other disposable items associated with the pacemaker. The kit also 
may include a drag delivery catheter and associated disposable items. 

Referring to the drawings where like numerals indicate like elements, drug delivery 
and pacing apparatus are shown in accordance with the principles of the present invention. 
5 The pacing system generally includes pacer, a switch box and an actuator, which preferably 
can be readUy controlled by the physician to remotely control the pacer through the switch 
box. The pacing system will be described with reference to the example illustrated in 
Figure 1 . However, it should be understood that other configurations may be used. 

Refenring to Figure 1, a pacing system configured in accordance with the present 

10 bvention is shown. The illustrative system generally includes a pacer 18, a switch or control 
box 1 4, and an actuator, such as actuator 22 or 24. Pacer 1 8 may be a conventional ventricular 
demand pacer or dual chamber (atrial-ventricular) pacer. Leads 16 couple the output of pacer 
18 to switch box 14 and leads 12 couple switch box 14 to the patent's heart. The latter may be 
achieved for example, either endocardially or epicardiaUy. Switch or control box 14 

1 5 preferably is configured so that when actuated, it delivers the pacing signals or output of pacer 
18 to leads 12. Conductor or lead 20 couples remote acmator 22 to switch box 14. Although 
a conventional foot pedal type actuator is shown, it should be apparent from the foregoing and 
following discussion that other actuators such as handle held actuator 24 (shown in phantom) 
may be used. Further, as an alternative to epicardially or endocardially placed pacing leads, 

20 the leads may be transvenously deUvered for coupling to the heart. In a fiirther alternative, 
electrodes, such as ttansaneriai electrodes, can be incorporated into the drag deUvery catheter. 

This pacing system of the present invention preferably provides to the surgeon remote 
control of the on/off pacing fimction only. All other parameters which are user selectable 
(rate, output, etc.) preferably are not remotely programmable but must be adjusted by using 

25 controls on the pacemaker. 
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Referring to Figures I A and IB, circuit diagrams of the pacing system of Figure 1 are 
shown. Switch box 14 includes an electrical or mechanical switch 23 to which actuator 22 
couples. This coupling allows the switch to be energized or deenergized as would be ^parent 
to one of ordinary skill. Preferably, foot pedal 22 is configured to be in an "OfT (electrically 
open) position when in its normal state and to be in an "On** (electrically closed) position to 
open switch 23 in switch box 1 4 and interrupt delivery of pacing signals to the heart when the 
pedal is depressed. Accordingly, if the power source to the pedal is interrupted, the heart will 
be paced. Alternatively, the foot pedal may be configured to be in an "On'' position when in 
its nonnal state and to be in an "OfT position when the pedal is depressed. 

Reluming to Figures 1 A and IB, switch box 14 frcferably is configured in a manner to 
allow the pacing signal to pass through the box, to leads 12 and, thus, to the patient while 
acniator 22 is in the **Off' position. As shown in Figure 1 A, the switch box*s switch 23 opens 
when the actuator is activated {e.g., the foot pedal is depressed). This opening prevents the 
pacing signal from going to the patient. On the other hand, as shown in Figure IB. the switch 
box's switch 23 closes to again allow the pacing signal to pass through to the patient, when the 
actuator is released. Commercially available switch boxes and foot pedal actuators may be 
used. For example, a suitable switch box with foot pedal is the Treadlight 2, Catalogue No. T- 
91-S manufectured by Line Master Switch Corporation. This switch provides an open circuit 
when actuated as shown in Figure 1 A. 

Safety features may be incorporated into the switch box* The first is a timer or 
override circuit, either programmable or factory set, that lunits the time the svdtch or control 
box can interrupt the pacer. This circuit ovenddes the actuator, if the actuator should happen 
to be held down (U. in the ^On" position) too long, i.e.. longer than the preset maximum time. 
The override circuit may be set or configured to override the activator after an interval of dme 
of about 0.1^0 seconds, more preferably about 5-30 seconds, or more preferably about 10-15 
seconds. 
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A second safety feature is an indicator (visual and/or audible) that indicates the pacing 
signal is not being sent to the patient. A third safety feature is an indicator (visual or audible) 
that the pacing signal is going out bom the conm>l box to the patient, especially to signify the 
end of an inteiruption period (resumption of pacing). Preferably, the indicator or indicators 
S are audible signals. 

The control box could have additional features that may be more useful for the user 
than for safety. The first feature would be an indicator, preferably audible, preparing the user 
for the resumpdon of pacing. This could be a beeping tone that increases in frequency as (he 
interruption period ends. Second, the control panel should be battery powered either by a 
10 disposable or rechargeable battery. Other features include a control box that is preferably 
witWn 7" X 1 0" x 5'\ lightv^ight, less than 3 pounds, and easy to use with current pacer and 
pacing lead designs. . 

Figure IC presents one embodiment of the control box as schematically shown in 
Figures 1, 1 A and IB. As shown in Figure IC, a suitable control box 14' includes debounce 

15 circuit 100, pull-down resistor 102, timer select switch 104, first timer 106, second timer 108, 
diodes 110, transistor 112, inductive solenoid coil 114, switches 11 6, beeper control 118, 
volume control 120, and speaker 122. 

Control box 14* uses debounce circuit 100 to generate a steady signal when mechanical 
foot pedal 22 is depressed Debounce circuit 1 00 has an input terminal lOOA and an output 

20 terminal 1 OOB. The input terminal connects to pull-down resistor 102. This terminal also 
connects to the foot pedal switch 22A of foot pedal 22. When the foot pedal switch is open as 
shown in figure IC (e.g., when the operator does not depress the foot pedal), the input 
terminal is pulled to ground through pull-down resistor 102. On the other hand, when the foot 
pedal switch closes (e.^, when the operator depresses the foot pedal), the input terminal 

25 connects to die power supply voltage source through the foot pedal switch 22 in order to 
receive the power supply voltage. In response to the power supply voltage provided by 
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mechanical foot pedal 22, the debounce circuit generates a signal on its output tenniiiai that it 
steadily maintains at one level (eg., the ground level) until the foot pedal switch opens. 

As shown in Figure IC, the output tenninal lOOB of the debounce circuit 100 connects 
to first timer 106. The voltage on this ou^nrt tenninal is usually in a &st level {e.g.. the power 

5 supply voltage) vihen the input to the debounce circuit is pulled to ground (Le., vAen the foot 
pedal has not been depressed). However, this output terminal's voltage transitions to a second 
level (e.g., the ground voltage) when the input to tiie debounce circuit transitions to the power 
supply voltage {Le.. when the foot pedal has been depressed). As further described bdow, the 
voltage at the output terminal 1 GOB in combination with the signal supplied to the reset pin 

10 106C of the first timer circuit controls the operation of Ais timer circuit. 

Control box 14* uses first and second timer circtats 106 and 108 in order to measure 
the lapse of a selected period of time. The amount of time selected on time select rotary 
switch 104 is the maximum amount of time that the physician can internet the supply of the 
pacing signal to the heart by depressing the foot pedal. Once the control box 14' dttermines, 

15 through the use of timers 106 and 108, that the maximum amount of time has expired, then the 
control box 14' overrides (Le., ignores) the signal generated by the depressed ft>ot pedal and 
resumes the supply of the pacing signal to the patient The second timer counts the last five 
seconds in the selected period of time, while the first timer counts the remainder of time. 

Both the timers 106 and 108 have reset pins (i.e., reset terminals) 106A and 108A that 

20 receive the signal supplied to input tenninal lOOA of debounce circuit 100. When the signal 
suppUed to the reset pin of a timer is low (i.e., when the foot pedal has not been depressed), 
the timer enters its reset mode and resets its measured time value to its initial value. Each 
timer exits its reset mode and enters a standby mode when the signal supplied to its reset 
tenninal is high (/.e., when the foot pedal has been depressed). 

25 Also, each timer enters its operational modes when it recdves a trigger signal at its 

input after it has entered its standby mode. Once the timers are in tiieir operational modes, 
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they Start counting up or down to their expiration values when they receive an appropriate 
signal (e.g.. a high voltage) on their input terminals 1 06A, 108A. First timer 106 receives its 
trigger signal fiom the output of the debounce circuit. Thus, the transition of the output of the 
debounce circuit ftom one state to another (e.g.. goes from a high level to a low level) triggers 

5 the operation of the first timer 1 06, Once triggered, the first timer 106 starts to count towards 
its expiration value. The physician determines the expiration value of the first timer by 
operating the timer select swritch 104, which connects to the first timer. 

While the first timer operates {Le., wrtiile it counts) and before it has reached its 
«q>iration value, the signal at this timer's output terminal 106B is at a first voltage level (e.g.. 

10 the power supply level). The signal fiwm aatpm terminal 106B flows through diode 1 1 OA and 
is supplied to the gate of transistor 1 12 to turn ON this transistor. Transistor 1 12 can be any 
type of transistor. In Figure I C, this transistor is an NMOS device. 

Once transistor 1 1 2 turns ON, it draws current from the power supply through the 
inductive solenoid coil 1 14. This coil serves as a relay (Le.. coil that when energized operates 

15 a mechanical switch). Thus, when current passes through the solenoid coil, it activates the 
relay which opens switches 1 16A-D of patient connect relay 124. When the relay is 
deactivated, switches A-D-couple the signal from the pacer to the patient tiirough leads 12. 

Referring to the embodiment illustrated in Figure IC, switch 1 16A couples a ventricle 
inlet (V.IN(-)) to a ventricle outlet (V^UT(-)). Switch 1 16B couples a ventricle inlet (V- 

20 IN(+)) to a ventricle outlet (V-OUT(+)). Switch 1 16C couples an anial inlet (A-IN(-)) to an 
atrial outiet (A-OUT(.)), while switch 1 16D couples an atrial inlet (A-IN(+)) to an atrial ouflet 
(A-OUT(+)). The inlets are coupled to the pacer and the outlets are coupled to the patient 
Referring to Figure ID, a schematic representation of an endocardial lead anangement 
between the conttol box and the right atrium of a patient is shown, together witij the coupling 

25 between the control box and the pacer. An actuator may be coupled to the control box as 

described above. ITie inlets ( A-IN(-), A-IN(+)) may be coupled to the pacer 1 8 adapter cables 
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and the outlets (A-OUT(-), A-OUT(+)) may be coupled to the patient with leads as shown in 
the drawing and as would be apparent to one of ordinary skill- Specifically, one lead may be 
coupled to positive terminal 1 40, which is in the form of a ring, and the other lead may be 
coupled to a negative terminal 142, which may have a generally hemispherical configuration- 
5 A similar arrangement can be used to couple the control box to the right ventricle. Although 
an endocardial lead configuration is shown in Figure ID, epicardial leads as shown in Figure 
IE may be preferred. Specifically, epicardial leads, which may be sutured to the heart (e.g.. 
right atriimi) as shown in Figmre IE and generally designated with reference character "S", 
generally are preferred in open chest procedures since they can be readily sutured to the heart. 
10 Again, a similar arrangement can be used to couple the control box to the right ventricle. 

Although the patient connect relay 124 is shown as a diial chamber pacing system, it 
should be understood that single chamber pacing systems can be used to pace the ventricle as 
would be apparent to one of ordinary skill in the art {e.g., by only using switches 16A and B 
shown in Fig. IC). 

15 The output of the first timer is also supplied to a beeper control cuxuit 1 18, which 

controls the output of a speaker 122. Hence, when the first timer's output is active its at 
a first voltage level, such as the power supply level), it turns ON the beeper contxt)! circuit 
which in turn generates a first audible signal through speaker 122. 

When the first timer expires (i.e.. when it has reached its expiration value), the signal 

20 at its output tmninal transitions ftom the first voltage level to a second voltage level (e.g.. 
transitions from the power supply level to ground level). The first timer then enters its 
standby mode, where it will stay until it is reset by the opening of the foot pedal switch. 

The second timer has an edge detector (e.g., a negative edge detector) that detects this 
transition. Once it detects this transition, the second timer transitions into its operation mode, 

25 and thereby starts to count towards its expiration value. The second timer's expiration value is 
set at five seconds. 
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While the second timer is in its operation mode and has not reached its expiration 
value, the signal at its output terminal is at a first voltage level (e,g., the power supply level). 
In turn, diode 1 lOB supplies this signal to the gate of transistor 1 12, and thereby keeps this 
transistor ON. While transistor 1 12 is ON, it continues to draw current through the coil 1 14, 
5 which, in turn, keeps switches 1 16A-D, which control delivery of the pacer signal to the 
patient open. 

The output of the second timer is also supplied to a beeper control unit. Hence, when 
this output is active {U., its at a first voltage level, such as the power supply level), it turns 
ON the beeper control unit, which in turn generates a second audible signal through speaker 
10 122. 

Finally, it should be noted that the output of the timers resets to the second voltage 
level {e.g,, ground) whenever the foot pedal svritch opens and the timers are reset This 
resetting operation overrides the counting operation of the timers. Thus, if the timers are in 
the process of counting, the opening of the foot pedal makes these timers stop counting and 

1 5 reset Any suitable timers may be used such as 555 timers manufactured by National 
Semiconductor (Santa Clara, CA). 

As an alternative to foot pedal 22. a conventional needle holder 24 can be used to 
control the pacer switch box. In this case, the needle holder preferably is of the standard 
Castro-Viejo variety. However, any otiier manual switch actuator operable by the surgeon for 

20 opening and closing the switch in switch box 14 on demand can be used in accordance with 
the invention to electrically connect and disconnect pacer 18 with pacing leads 12. Thus, the 
actuator can be incorporated in or on one of the surgeon's instruments, such as stirgical ate 
retraaor, or any other location easily and quickly accessed by the surgeon. 

Any conventional pacer suitable for ventricular demand pacing and having external 

25 leads tiiat can be electtically coupled to a switch box 14 may be used. An example of such a 
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suitable pacer is the Medtronic model 5330 or 5375, Demand Pulse Generator manufactuied 
by Medtronic Inc. (Mpls, Mina) 

It should be understood that although a particular pacing configuration is shown, other 
configurations may be used. For example, the pacer and switch box may be combined in a 

5 single unit If the switch box is incorporated in a pacer (/.«.. pacemaker), specifications of the 
pacemaker should be similar to currently manufactured external pacemakers (e.g.. Ventricular 
or atrial-ventricular sequ«itial; Rate range: 30 to 180 ppm (pulses per minuteX continuously 
adjustable or in increments of 1 ppm; Output current range: 0.1 to 20 mA; Sensitivity range: 
I.O mV(maximum) to asynchronous: Pulse width: 1.8ms maximum). 

10 Pacer 1 8 preferably is an extracorporeal pacer and differs from implantable 

pacemakers in the following ways. Pacer 18 typically will be in excess of 400 grams, can use 
replaceable (battery life of approximately 500 hours) or rechargeable batteries (9v), may be 
line power designed to last several years, and need not be constructed with a biocompatible 
exterior shell or be hermetically sealed. 

15 Further, the pacing system may be configured to synchronize activation and 

deactivation of the patient's ventilator (not shown) with pacing. For example, die control box 
may be configured for coupling to a ventilator so that pacing and ventilator signals are 
simultaneously delivered to the patient leads 12 and the ventilator when the actuator is in a 
first state (e.g.. when the foot pedal is released). In this example, tiie pacing and ventilator 

20 signals are simultaneously interrupted when the actuator is in a second state (e.g., when the 
fijot pedal is depressed). The synchronization of pacing with a ventilator may minimize or 
eliminate unwanted heart motion associated with a patient's breathing with a ventilator. 

With an understanding of the pacing system in hand, drug delivery according to tiie 
principles of tiie invention will be described witii reference to Figures 2- 7. Generally, Figures 

25 2 and 3 show delivery into the coronary sinus (Figure 4 shows an alternative balloon 
configuration); Figure 5 shows intra-aortic delivery; and Figures 6 and 7 show delivery 
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through the right coronary artery. Discussion of a ftirther delivery procedure in accordance 
with the present invention, intraventricular injection, also will be provided. 

Coronary Sinus Injection 

5 Referring to Figures 2, 2A, 3, and 3 A» a coronary sinus delivery catheter 30 is shown 

for local drug administration into the coronary sinus (CS) according to the present invention. 
Coronary sinus delivery cadieter 30 preferably is a medium-diameter. eg. about 6-8 French, 
single or dual lumen, flexible catheter. The tip of catheter 30 may be curved slightly to give a 
so-called hockey-stick ^jpearance as shown in die drawings. This configuration fiaciiiiates, 

10 for example, introducing die cadieter into the coronary sinus from the atrium as shown in 
Figure 2 where the distal tip is shown prior to introduction into the coronary sinus. A low- 
pressure balloon 32 of up to about 2 cm in diameter is located near die tip of die catheter* 
Two ports 34, 36 are present at die proximal portion of cadseter 30 for balloon inflation and 
drug injection, respectively. Cadieter 30 furdier includes inflation lumen 37 and drug delivery 

15 lumen 39 (Figures 2A and 3 A) which fluidly couple ports 34 and 36 to balloon 32 and 
delivery or discharge opening 38* 

Any of tiuree cadieter lengdis may be used depending on whedier die cadieter is 
introduced into die coronary sinus: (A) dirough the right atrium or atrial appendage; (B) via 
die internal jugular or subclavian vein; or (C) via die femoral vein. A guidewre (not shown) 

20 is used to fiwalitate transvcnous placement, and a stififer wire obturator (not shown) is provided 
for catheter insertion through die right atrial appendage. 

Access to the right atrial appendage (approach A) requires an operative s^proach 
dirough die right chest or dirough die mediastinum. A plegeted pursestring suture (e.g. 4/0 
polypropylene), which is conventional in die art, is placed on die right atrium (RA) or atrial 

25 appendage, and cadieter 30 is secured in place widi a Rumel-toumiquet The transvcnous 
approaches (approaches B and C) require expertise in coronary sinus cannulation over a 
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guidewire using fluoroscopic or echocardiographic guidance. The internal jugular or 
subclavian approach accesses the coronaiy sinus via the superior vena cava (SVC) as shown in 
Figure 2. The femoral vein approach accesses the coronary sinus via the inferior vena cava 
GVC). 

After the catheter is placed in the coronary sinus using any of the three approaches 
described above, the guidewire or obturator, which was used to uitroduce the catheter into the 
coronary sinus^ is removed. Injection port 36 is then connected to a three-way stopcock (not 
shown) for intermittent measurement of coronary sinus pressure and administration of the 
composition(s) provided in accordance with the present invention. With inflation of the low- 
pressure balloon within the coronary sinus (Figure 3). a right ventricular pressure wave form is 
observed. The inventive composition(s) is then administered as a bolus injection through drug 
injection port 36 so as to be delivered at the delivery port 38. Coronary sinus pressure during 
bolus injection generally should not exceed about 30 mm Hg. Alternatively, the 
composttion(s) may be administered as a bolus injection followed by continuous infusion or as 
a continuous inftmon alone. Balloon inflation may be rapid inflation/deflation balloon 
synchronized with the electrocardiogram (ECG). Aitemativeiy, the coronary sinus may be 
occluded, partially or completely, for a period of about one or two hours. Balloon 32 may 
have a much thinner wall construction than balloon 42 (discussed below) because it need not 
expand against arterial pressure. Previously placed pacing leads 12 permit ventricular pacing 
during drug induced ventricular asystole. Removal of the catheter simply requires deflation of 
the balloon and closure of the atriotomy with the purses tring suture. 

Referring to Figure 4. another coronary sinus catheter configuration is shown. 
Catheter 30* is provided with laterally spaced balloons 32' which are fluidly coupled to 
inflation lumen 39'. Dn^ delivery liunen 37' opens in a region between the balloons. 
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10 



Intraventricular Injection 

Another drug administration approach is intMfrcfttncuiar injection into the left 
ventricle via a catheter (not shown). With this approach, the catheter may be delivered in 
retrograde fashion through the arterial system, aorta and through the aortic valve into the left 
ventricle. In the alternative, a catheter or cannula may be inserted directly into the left 
ventricle (preferably the apex) through a hole made by the surgeon. In a further alternative, a 
needle may be inserted directly into the left ventricle. 

Aortic Root Injection 

Another drug administration approach is injection of drug into the aortic root with, for 
example, an intra-aortic delivery catheter 40 as shown in Figure 5. This permits direct aortic 
administration of compositions in accordance with the invention during diastole while 
providing ventricular support analogous to an intra-aortic counterpulsation device. Catheter 
40 preferably is a dual lumen catheter provided for rapid inflation and deflation of a durable, 
15 low-pressure balloon 42 arranged to inflate in synchronization with heart beat (e.g., 

electronically synchronized with ECG waves so that balloon 42 mflates during diastole 
and deflates just before systole). Importantly, complete occlusion of the aona by the catheter 
balloon 42 is not required for proper functioning of the device. Thus, risk of injury to the 
aortic wall, for example, the aortic dissection, is minimized. As in the embodiment discussed 
20 above, a balloon inflation port 44 and a drug injection port 46 are provided. Catheter 40 a 
drag delivery and inflation lumens similar to catheter 30 with the exception tiiat tiie drug 
delivery lumen in catheter 40 terminates with a discharge opening 48 proximal to balloon 42 
this configuration facilitates delivery of drugs in the vicinity of tiie coronary arteries. Catiieter 
40 may be inserted tiirough a hole made by tiie surgeon in tiie wall of tiie aorta as shown in 
25 figure 5, for example, or endovascularly delivered via a percutaneously catiieter insertion in 
the femoral artery. However, if a catiieter is desired to be delivered in a retrograde fashion 
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through the arteriai system {e.g. femoral artery and the aorta), the balloon and lumen 
configuration of catheter 30 or 30\ for example, is preferred. The balloon diameter may be 
larger to correspond with the larger size of the aorta and the balloon walls also may be 
constructed to withstand the greater pressures in the aorta. 

5 Returning to Figure 5, which illustrates placement of catheter 40, a pursestring suture 

(not shown) is placed on the aortic root and catheter 40 is inserted into the ascending aorta and 
secured with a Rumel tourniquet The intra-aortic balloon is inflated during diastole and 
deflated during systole, using the patient's ECG signal for synchronization. Drug delivery is 
given widi a bolus infusion and/or continuous infusion. With drug induced venuicular 

10 asystole, the heart is electrically paced, as detailed herein below, permitting continued intra- 
aortic counterpulsation. In the case of where the accompanying procedure is a coronary artery 
bypass procedure, catheter 40 is removed after the distal anastomosis is completed. Then, a 
partially occluding clamp is placed on the aorta, and the aortitomy may be used for the 
proximal aortosaphenous anastomosis. Alternatively, the catheter 40 may be removed and the 

15 aortic pursestring simply tied. 

Direct Infusion Into Right Coronary Artery 

Another drug administration approach is direct infusion into the right coronary artery 
(RCA). This approach advantageously delivers drug more local to the AV node than the 
20 approaches described above. Other methods are generally less efficient because when mixed 
in the aorta, ventricle, or other parts of the cardiovascular system, significant drug dilution 
occurs by the time it reaches the AV branch of the RCA. 

This approach can be achieved by either injection into the proximal or ostial portion of 
the RCA, by use of a guide catheter or drug delivery catheter, or by injection just proximal to 
25 the branch perfusing the AV node (AV node artery) by means of a drug delivery catheter 
positioned in the RCA as shown in Figure 6. Alternatively, the drug delivery catheter can be 
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positioned directly in the AV node artery through the RCA to delivery the drug more locally 
to the A V node. The catheter may be introduced into the coronary artery via the arterial 
system (femoral, radial, subclavian) with a larger diameter coronary guiding catheter. In cases 
of a left dominant system anatomy or occluded RCA, the catheter may be used in a similar 

5 fashion to deliver the drug into the left coronary artery to, for example, the circumflex branch. 
Referring to Figure 6, an exemplary catheter design as shown in the drawings. 
Catheter 50 is a small diameter (for example, about 3-4 French) single lumen catheter with a 
drug delivery opening 58 located at the distal end of the catheter to provide selective coronary 
artery drug delivery. By avoiding the need for a separate channel for balloon inflation, 

1 0 catheter SO maximizes the volume of catheter lumen dedicated to drug delivery v^le 
minimizing catheter diameter. 

In use, catheter 50 is introduced into the right coronary artery under flouroscopic 
guidance through a larger diameter (6-8 French) coronary guiding catheter 56. which is 
positioned at the ostium, and over a guidewire which is placed distally in the RCA. 

15 After appropriate positionmg of the catheter tip, just proximal to or within the take-off 

of the artery to the atrioventricular node branch (B) the guiding catheter is pulled back from 
the ostium of the RCA to provide blood flow to the RCA, the guidewire is removed, and a 
bolus dose is given. Alternatively, a continuous infusion of drugs can be administered mto the 
distal right coronary artery. Coronary catheter 50 is small enough that blood flow is not 

20 significantly impeded to the RCA. 

Referring to Figures 7 and 8, another embodiment for the coronary delivery catheter is 
shown. Catheter 60 is the same as catheter 50 with the exception that catheter 60 has a bent 
distal end portion 62. Catheter 50 or portion 62 can be positioned within the branch (B) to the 
AV node. The bent distal end configuration minimizes or eliminates the possibility of the 

25 catheter entering the branch going down a posterior left ventricular branch. 
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Although particular drug admiiiistration routes have been described, it should be 
understood that other routes may be used including, without limitation, needle injection into 
the aorta, needle injection into the AV node, and trans-epicardial absorption (e.g., a trans- 
myocardial patch v^ich slovdy releases pharmaceutical agents into the myocardium). 

Pacing 

Prior to drug delivery, the heart is prepared for cardiac pacing as discussed above. In 
general, leads 12 may be temporarily affixed to the right ventricle of the heart such as by 
suturing or other manner as would be qjparent to one of skill m the art. Drugs are 
administered to the heart through, for example, any one of catheters 30, 40, SO or 60 to induce 
ventricular asystole. Pacing of the hean is established and tnaintained. The pacing can be 
transiently interrupted by temporarily deactivating the pacemaker using, for example, foot 
pedal 22. When the foot pedal is in its deactuated, raised position, the switch in the pacer 
switch box is closed, and current flows from the ventricular demand pacer 1 8, through the 
switch box 14 and the pacing wires 12 to the heart 10 without impediment. During this time, 
the heart preferably is paced at a rate between 90 to 1 1 0 beats/minute. When conq)lcte heart 
block is necessary, to enable a surgical procedure to be performed^ pacing is disabled by 
depressing the foot pedal. In the illustrated and currently preferred embodiment this opens 
the switch in pacer switch box 14, stoppmg the current flow from pacer 18 to pacing leads 12. 
Since no current reaches the heart while the foot pedal is depressed, ventricular asystole 
occurs, thus allowing precise sunirii^ or other manipulative procedures to be performed. 
Once, e.g., a suture has been applied, the pacer may be reactuated by releasing the foot pedal, 
thereby to reestablish the electrical connection between the pacer 18 and the pacing wires 12 
and resuming pacing of the heart at the prescribed rate until another precise manipulation is 
required. By providing a surgeon-controlled device, such as with a foot pedal, remote from the 
pacer for controlling the pacer, the surgeon can have complete and immediate control over 
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when pacing is intemipted, even though the surgeon also has surgical instruments m his or her 
hands. This allows the surgeon to coordinate precisely the pacing of the heart to the 
manipulative step, thereby minimizing imnecessary and undesired cardiac arrest 

The pacer control box also may be configured to control interruption of a patient's 

5 ventilator so that the pacing may be synchronized {e.g.. the actuator activates pacing and 
ventilating equipment (not shown) simultaneously and deactivates pacing and the ventilating 
equipment simultaneously). Thus, the switch box can be electrically coupled to a ventilator so 
that when the foot pedal described above is depressed pacing and ventilation are deactivated 
and ^en it is released, pacing and ventilation resume. This arrangement may eliminate some 

10 small motions of the heart associated with a patient*s breathing during a surgical procedure. 

The invention will now be described in more detail by reference to the following non- 
limiting examples. 

Example 1 - In Vivo Studies 

IS The following conqiarative in vivo studies demonstrated the synergistic effect of the 

use of die cholmergic agent carbachol in combination with the P-biocker propranolol in 
stimulating ventricular asystole according to the present invention. 

Eleven male crossbred swine weighing 20-25 kg were studied, eight of which received 
carbachol alone and three of which received carbachol plus propranbloL The swine were 

20 sedated using 10 mg/kg IV ketamine. After 20 minutes, the animals were induced with 10 
mg/kg IV thiopental sodium and orotrachealiy intubated. The proper anesthetic plane was 
maintsuned with 1% Isoflurane. Periodic arterial blood gas samples were obtained to guide 
ventilator management The electrocardiograph was continuously monitored. Through a 7 Fr 
sheath in the left femoral artery, arterial blood samples were obtained and a micromanometer 

25 was inserted to monitor central aortic blood pressure (Millar Instruments, Inc., Houston, TX). 
The heart was exposed through a median sternotomy and suspended in a pericardial cradle. 
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Two temporaiy epicardial pacing wires were affixed to the right ventricle and connected to an 
external pacemaker (Medtronic, Inc., Minneapolis, MN)- The pacemaker was modified to 
permit deactuation by means of depressing a foot pedal. Through the femoral sheath, an AR-1 
guide (Cordis Corp., Miami Lakes, FL,) was placed into the right coronary artery. An 0.014- 
5 inch floppy guide wire was then advanced into the right coronary artery to the level of the 
posterior descending coronary artery. The AR-1 guide was removed and a 2.5 Fr Tracker 
(Cordis Corp., Miami Lakes, FL.) catheter was inserted over the guide wire. Using dye 
injection, the catheter was positioned just proximal to the take-off of the atrioventricular node 
artery. Carbachoi (Sigma St. Louis, MO) solution was prepared the day of the experiment and 
1 0 infused at a constant rate using a Harvard paxap. 

Aniniais received cither carbachoi alone or carbachoi in combination with propranolol 
(Inderal®, Wyeth Ayerst, Philadelphia, PA), All animals were instrumented and allowed 10 
minutes of hemodynamic stability. Before carijachol was administered, each subject received 
a 500 mi IV bolus of 0.9% sodium chloride. In the animals receiving carbachoi alone, 
15 carbachoi was continuously infused through the Tracker catheter at increasing doses of 0.44, 
0.62, 0.88, and 1.72 mg/min, until ventricular asystole was observed. 

In the animals receiving carbachoi plus propranolol, a I n^ dose of propranolol (0.04- 
0.05 mg/kg) was administered through the Tracker catheter. Carbachoi was then administered 
as a 0.5 mg intracoronary bolus (0.02 mg/kg) followed by a constant infusion. The infusion 
20 rate necessary to achieve ventricular asystole was 0.03 mg/min (l.l to 1.2 p.gAcg/min). After 
carbachol-mediated ventticular asystole was observed, the heart was paced at 100 
beats/minute. At 60-second intervals, the pacemaker was turned off for five seconds to 
dctcrmbe the underlying cardiac rate and rhythm. The systolic blood pressure (SBP), 
diastolic blood pressure (DBP), and main arterial pressure (MAP) were recorded every five 
25 minutes. The duration of ventricular asystole, defined in this example as a hean rate less than 
twelve beats per minute, was recorded. Profound hypotension (SBP <60 mmHg) after the 
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administration of carbadiol was treated with nonnal saline, intravenous bolus itqcctions of 
plicnyiephrine (0.02 mg/kg). or both. After 75 minutes, the carbachol infusion was stopped 
and the time required to renim to nonnal sinus rhythm was recorded. The results are set forth 
in Table I below. 



CARBACHOL INTRACORONARY INFUSION 



animal 


(kg) 


infiision rate 
of carbachol 
(mg/min) 


carbachol 
dose 

(^g/kg/min) 


duration of 
ventricular 
asystole (min) 


time to 
NSR' 
(min) 


1 


41 


0.44 


10.7 


76 




2 


4] 


0.44 


10.7 


75 




3 


20 


0.62 


31.0 
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20 


1.72 


86.0 


87 




5 


36 


0.44 


12.2 


75 


8 


6 


45 


0.44 


9.7 


53 




7 


21 


0.44 


20.9 


24 




8 


21 


0.88 


41.9 


76 
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RBACHOL AND PROPRANOLOL INTRACORONA 
INFUSION 


RY 


animal 


weight 
(kg) 


infusion rate 
of carbachol 
(mg/min) 


carbachol 

dose 
(Ug/kg/min) 


duration of 
ventricular 
asystole 


time to 
NSR 
(min) 


I 


25 


0.03 


1.2 


75 


5 


2 


27 


0.03 


1.1 


75 


7 


3 


26 


0.03 


1.2 


63 


15 



TABLE 1 



NSR - nonnai sinus rhythm. Blank entries indicate data not recorded. 
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Example 2 - Treatment of Human Patients 

Ten human patients were treated pursuant to an investigational new drug ciinicai trial 
following Institutional Review Board and FDA approval and informed consent. 

Repair of a ieaky distal anastomosis was performed on 9 human patients (designated 

5 Patients 1 01-109) with stable coronary artery disease (CAD) followmg open-chest coronary 
artery bypass graft (CABG) surgery. The snidy was conducted to assess the abHity to induce 
pacemaker-dependent reversible ventricular asystole in patients on cardiopulmonary bypass 
(CPB) utilizing an aortic cross clamp undergoing an open-chest CABG procedure. 
Established institutional techniques for preparation and conduct of CABG were used. At the 

10 end of the surgical procedure, and after the aortic cross clamp was removed, the AV-node 
blocker carbachol and the beta-blocker propranolol were serially administered to the patients 
to induce pacemaker-dependent ventricular asystole. In Patients 101-109, the propranolol and 
carbachol were used at the end of the CABG surgery only during repair of leaking distal 
vascular anastomoses, while the patients were still on cardiopulmonary bypass (CPB) 

15 subsequent to the removal of the aortic cross clamp. In the tenth patient (designated Patient 
201), the carbachol and propranolol drugs and temporary pacing were used for the CABG 
procedure itself, and the aordc cross clamp was avoided. 

The patients were selected based on the following key criteria. Patients were selected 
ranging between 1 8 and 70 years in age with a normal sinus rhythm with P-wave-R-wave 

20 interval not exceeding 0.1 6 sec. Men or women were selected who had a stable coronary 
artery disease and were imdergoing elective CABG revascularization of distal target(s) in the 
left anterior descending (LAD) artery system, right coronary artery (RCA) and/or the left 
circumflex (LCX) artery. Patients were selected with right dominant coronary circulation or 
an expectation that their AV node was supplied by the RCA, and with the presence of at least 

25 two of the following angiogr^hic criteria: (1) coronary arteries greater than 2 mm in 
diameter. (2) noncalcified coronary aneries, or (3) an LAD that was not intramyocardial. 
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Patients with any of the following conditions were intended to be wcluded from the 
study: (I) significant left main coronary artery stenosis, (2) left dominant coronary 
circulation, (3) RCA with proximal chronic total occlusion or inability to pass drug infusion 
catheter past proximal RCA stenosis, (4) presence of any significant hemodynamic instability, 

5 including, but not limited to, unstable angina or active ischemia requiring maximal medical 
management, malignant ventricular arrhythmias currently requirii^ medical management or 
cardiogenic diock requiring blood pressure support, (5) presence of any significant condition 
that increases the risk of the CABG procedure or other study procedure, including but not 
limited to, a history of peripheral vascular disease, hypertensive heart disease, 

1 0 cardiomyopathy. New York Health Association (N YHA) Class 3 or 4 congestive heart Mure, 
chronic renal insufficiency or failure, prior CABG, valvular heart disease, unusual body 
habitus (e.g., morbid obesity), presence of acute pulmonary infecdon/pneumonia, metastatic 
cancer, thyrotoxicosis, sepsis, history of stroke or transient ischemic attack (TIA) or 
asymptomatic carotid bruit, (6) recent (within 2 weeks) acute myocardial infarction, (7) 

15 documented cardiac ejection fraction <30% within 30 days of planned procedure, (8) presence 
of any significant condition that would make the determination of the efficacy and/or safety 
endpoints of the study more difficult, including, but not limited to, first or second degree hean 
block, left or right bundle branch block or other IVCD, (9) presence of any significant 
condition that increases the risk of exposure to any of the components of the drugs as follows: 

20 Propranolol - This includes, but is not limited to, significant asthma, obstructive lung disease, 
congestive heart feilure, hypersensitivity to propranolol or other beta-adrenergic antagonists; 
Carbachol - This includes, but is not limited to, asthma, obstructive lung disease, epilepsy. 
Parkinsonism, peptic ulcer disease, hepatic insufficiency, hypersensitivity to carbachol or 
other cholinergic agonists (/.e., cholinomimetics or acetyl-cholmesterase inhibitors), (10) 

25 presence of any significant condition that increases the risk of use of a temporary pacemaker. 
This includes, but is not limited to, implanted permanent pacemaker, history of ventricular 
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tachycardia or fibrillation requiring current antiarrhythmic therapy, other arxhythniia or 
condition that increases the risk of cardiac pacing, e.g., Wolfe-Parkinson- White syndrome, and 
(1 1) pregnant or nursing women. 

For Patients 101-109. CABG surgery was performed using well established traditional 
S methods. Patients were placed on CPB, the aona was cross-clamped and caidioplegic anest 
was administered. After distal and (if applicable) proximal anastomoses were sutured, the 
cross-clamp was removed and (if necessary) the heart defibrillated with patients still on CPB. 
When a leak requiring repair was detected at the distal anastomotic site(s), epicardial 
pacemaker leads were sewn into place on the ventricles and, optionally, the right atrium, of the 
1 0 padents and the pacing thresholds determined and recorded A temporary pacemaker was 

connected to the epicardial leads. The pacing voltage was set at 1 0 times the pacing threshold. 
The pacemaker was first placed in ventricular-ventricular inhibited (VVI) mode with a ra.te of 
60tl5 bpm and pacing ensued for 2 minutes. Hemodynamic acceptability of the Wl-paced 
rhythm was assessed. The pacemaker was then set in ventricular-atrial triggered (VAT) mode 
1 5 and pacing ensued for another 2 minutes. Hemodynamic acceptability of the V AT-paced 
rhythm was assessed. 

During stffgery and prior to administration of the drug protocol, fluoroscopy was used 
to position an appropriate catheter* e.g., a Tracker™ (Target Therapeutics, Freemont. CA) 
catheter with an appropriate guide wire, in the proximal right coronary artery. This catheter 

20 was used for intracoronary administration of the study drugs. If at any time during the 
procedure, catheter displacement was noted, repeat angiography was used to reposition the 
catheter. Adequate supplies of phenylephrine, other adienergic agents and volume repleuon 
fluids were available at the bedside during and following drug administration in the event of 
unexpected adverse events, to control blood pressure, and/or to protect against madvertent 

25 overdose. 
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"The propranolol solution used was an injectable solution of Inderal® (Wyeth-Aycrst» 
Philadelphia, PA). The initial propranolol dose was 1 mg of a 1 mg/mL solution. Carbachol 
was provided in a vial containing 6 mL of a 0.255% solution (mg/dL). Each vial contained 
2.S5 mg/mi of carbachol in 5 mM sodium citrate and was adjusted to pH=7.0 tising citric acid. 

5 The carbachol infusion solution was prepared by adding 5 mL of this solution to 250 mL of 
sterile saline. After reconstitution, the resulting concentration of the carbachol solution was 
0.005%, or 0,05 mg/mL. The initial dose of carbachol was 0.025 mg or 0.5 mL and the initial 
infusion rate was 0.025 mg/min or 0 J mL/min of the 0.005% solution. 

A loading dose of propranolol ranging between 1-6 mg first was given to patients over 

1 0 a period of 1 -3 minutes. Carbachol was administered as an intracoronary low dose bolus and 
as an infusion. For Patients 101-108, the bolus dose of carbachol used to initiate reversible 
ventricular asystole was in the range of 0.05-0.225 mg and tiie sustained infusion of carbachol 
used to maintain ventricular asystole was in the range of 0.05-0. 1 5 mg/min. In one of the 
patients studied, overdrive pacing was used in conjunction with the loading dose of carbachol 

15 to induce ventricular asystole. Once complete heart block was achieved witii no ventricular 
esc^e beats, and a pacemaker-dependent riiythm established, for patients 101-108 tiie distal 
anasiomosis(es) were repaired during brief (up to 5 seconds) interruptions of pacing. 

For Patient 201, the drugs and temporary pacing were used for the CABG procedure 
itself. A loadbg dose of 4 mg propranolol and 0.15 mg of carbachol were administered via 

20 intracoronary delivery to Patient 201 to initiate reversible ventricular asystole. Subsequentiy, 
an infusion of cari>achoI at a rate of 0.1 mg/min was given via intracoronary delivery to the 
patient to madntain ventricular asytole for a period of about 45 minutes. During this anest 
period, a left internal manmiary artery and obtuse marginal graft procedure were performed by 
the surgeon using intermittent pacing interruptions to successfully place die distal graft 

25 anastamosis sutures on a substantially still ratiier tiian moving heart, producing die benefit of 
an improved technical resuh and avoidance of cross-clamping of the aorta. 
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A dose of phenylephrine ranging between about 0:24^.80 mg was administered to 
Patients 101, 103, 105-109 and 201 to control hypotensioa When a satisfectory technical 
result had been achieved, the drug infusion was stopped and atropine was administered to 
detcnnine the reliability of phannacologic reversal of complete heart block with the exception 
of Patient 201, who was allowed to return to normal sinus rhythm naturally, over less than 15 
minutes. The dosage amount of atropine used to reverse arrest in Patients 101-108 was about 
1 .0 mg^ At the dose of the pharmacologic protocol after resiunption of normal A-V 
conduction, CPB was removed. Established procedures for closing of the chest were 
followed. 

In one patient. Patient 109. no arrest was achieved, however retrospective review of the 

post-operative angiogram revealed that the patient was a left dominant patient, Le., having the 

AV node fed from the left coronary anery rather than the right coronary artery, where the 

catheter was placed. Transesophageal echocardiography (TEE) revealed normal left and right 

vcntticular function, Le., with no reported global or regional wall motion abnormalities in each 

patient in which arrest was achieved. 

The results are shown in Table 2 below. 

TABLE 2 



Patient 


Minutes 

of AlTCSt 


Propranol 
total 

dose> mg 


Carbachol 
bolus - 
total mg 


Carbachol 

Infusion 

mg/min 


Arrest 


Hypotension- 

phenylephrine 

used 


101 


7 


3 


0.15 


0.10 


Yes 


Yes 


102 


13 


1 


0.05 


0.05 


Yes 


No 


103 


10 


2 


0.075 


0.05 


Yes 


Yes 


104 


4 


3 


0.225 


0.1 


Yes 


No 


105 


8 


2 


0.075 


0.075 


Yes 


Yes 


106 


12 


3 


0.1 


0.075 


Yes 


Yes 


107 


5 


4 


0.125 


0.15 


Yes 


Yes 


108 


2 


3 


0.2 


0.1 


Yes 


Yes 


109 




6 


0.5 


0.125 


No 


Yes 


201 


45 


4 


0.15 


0.1 


Yes 


Yes 



56 



SUBSTITUTE SHEET (RULE 28) 



wo 99/07354 I»CrAJS9M6469 



Although the foregoing invention has been described in some detaU by way of 
illustration and example for ptirposes of clarity and understanding, it will be apparent to those 
skilled in the art that certain changes and modifications may be practiced. Therefore, the 
description and examples should not be construed as limiting the scope of the invention. 
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What is claimed is: 

1 . A method of Lnducitig reversible ventricular asystole in a beating heart in a 
human patient, the method comprising administering a compound and a ji-blocker to tiie heart 
of the patient in an amount effective to induce ventricular asystole, while maintaining the 

5 ability of the heart to be electrically paced; 

wherein the (^blocker is adtninistered in amount sufficient to substantially reduce the 
amount of compound required to induce ventricular asystole. 

2. The method of claim 1 wherein the compound is an atrioventricular (AV) node 
blocker. 

10 3. The method according to claim 2, wherein the ^blocker is administered in an 

amount sufficient to reduce the amount of AV node blocker, which is required to induce 
ventricular asystole, to about 50% or less by weight of the amount of AV node blocker alone 
required to induce ventricular asystole. 

4. The method according to claim 1, wherein the compound is a cholinergic 
IS receptor agonist 

5. The method according to claim 4, wherein Ac cholinergic receptor agonist is 
carbachoL 

6. The method according to claim 4, wherein the cholinergic receptor agonist is 
selected from the group consisting of bethanechol, arecoline, norarecoline, and neostigmine. 

20 7. The method according to claim 5, wherein the carbachol is administered in an 

amount of about O.l to 4.8 ng/kg body weight/min, 

8. The method according to claim 1, wherein the p-blocker is propranolol. 

9. The method according to claim 8, wherein the propranolol is administered in an 
amount of about 0.01 to 0.07 mg/kg body weight. 

25 1 0. The method according to claim 1 , wherein the p-blocker is selected from the 

group consisting of atenolol, acebutolol, iabctaloU metoprolol, nadolol, oxprenolol, 
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penbutolol, pindolol, sotalol, timolol, celiprolol, betaxolol, bevantolol, bisoprolol. esmolol, 
alprenolol, carterolol, nadolol and teratolol. 

11. The method according to claim 2, wherein tiie P-blocker is propranolol and the 
AV node blocker is carbachol, and wherein the propranolol is administered prior to or during 

S administration of the carbachol. 

12. The method according to claim 1 1, wherein the propranolol and the carbachol 
are administered to the right or left coronary artery of the patient 

13. A method of inducing reversible ventricular asystole in a beating heart in a 
human patient, the method comprising administering a cholinergic receptor agonist and a 

10 blocker to the heart of the patient in an amount effective to mduce ventricular asystole; 

\A«cin the amount administered of the cholinergic receptor agonist alone or the p- 
biocker alone is not sufficient to induce ventricular asystole. 

14. A method of conducting a surgical procedure on a human patient comprisii^: 

administering a p-blocker and an AV node blocker to the heart of a human patient to 

15 induce reversible ventricular asystole vrtule maintaining the ability of the heart to be 
electrically paced; 

electrically pacing the heart with an electrical pacing system, thereby to mainuin the 
patient's blood circulation; 

selectively intermittentiy stopping tixe electrical pacing to allow ventricular asystole; 

20 and 

conducting the surgical procedure during the time tiiat tiie electrical pacing is 
intomittendy stopped. 

15. The method according to claim 1 4 wherein tiie P-blocker is administered prior 
to the AV node blocker. 

25 16. The metiiod according to claim 14, wherein tiie AV node blocker is carbachol. 
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17. The method according lo claim 14 wherein the the p-blocker is administered in 
an amount sufficient to substantially reduce the amount of AV node blocker required to induce 
ventricular asystole. 

1 8. The method according to claim 1 4 wherein the p-blocker is administered in an 
5 amount which reduces the amount of the AV node blocker required to induce ventricular 

asystole, to about 50% or less by weight of the amount of the AV node blocker alone required 
to induce ventricular asystole. 

19. The method aocordmg to claim 1 7, wherein the p-blocker is administered prior 
to the AV node blocker. 

10 20. The method according to claim 14, ^^erein the surgical procedtire is a cardiac 

surgical procedure. 

21 . The method according to claim 20, wherein the electrical pacing is selectively 
intermittently interrupted by a surgeon conducting the surgical procedure by selectively 
manipulating a control that is functionally coupled to the electrical pacing system. 
1^ 22. The method according to claim 14» wherein the AV node blocker is a 

cholinergic receptor agonist. 

23. The method according to claim 22. wherein the cholinergic receptor agonist is 
selected from the group consisting of bethanechoU arecoline. norarccoline, and neostigmine. 

24. The method according to claim 22 wherein the amount of the cholinergic 
20 receptor agonist administered alone or the p-blocker administered alone is not sufficient to 

induce ventricular asystole. 

25. The method according to claim 22. wherein the cholinergic receptor agonist 
and the p-blocker are administered to the left ventricle. 

26. The method according to claim 22, wherein the cholinergic receptor agonist 
25 and the P-blocker are administered to the aorta. 
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27, The method according to claim 22, wherein the cholinergic receptor agonist 
and the (J-blocker are administered to the right ventricle. 

28. The method according to claim 22, wherein the cholinergic receptor agoiust 
and the P-blocker are administered to the pulmonary artery. 

S 29. The method accordbg to claim 22, herein the cholinergic receptor agonist 

and the p*biocker are administered to the pulmonary vein. 

30. The method according to claim 22» wherein the cholinergic receptor agonist 
and the p-blocker are administered to the coronary sinus. 

3 1 . The method according to claim 22, wherein the cholinergic receptor agonist is 
10 carbachol. 

32. The method according to claim 3 1 , wherein the carbachol is administered in an 
amount of about 0.1 to 4.8 ng/kg body weight/min. 

33. The method according to daim 14, wherein the p-blocker is propranolol. 

34. The method according to claim 33, wherein the propranolol is administered 

IS orally. 

35. The method according to claim 33, wherein the propranolol is administered in 
an amount of about 0.01 to 0.07 mg/kg body weight 

36. The method according to claim 14, wherein the p-blocker is selected from the 
group consisting of atenolol, acebutolol, labetalol, metoprolol nadolol, oxpreholol, 

20 penbutolol, pindolol, sotalol, timolol, celiprolol, betaxoloL bevantolol, bisoprolol, esmolol, 
alprenolol. canerolol, nadolol and teratolol. 

37. The method according to claim 14, wherein the P-blocker is propranolol and 
the AV node blocker is carbachoU and wherein the propranolol is administered prior to or 
during administration of the carbachol. 

^ 38. The method according to claim 37, wherein the propranolol and the carbachol 

are administered to the aorta. 
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39. The method according to claim 37, wherein the propranolol and the carbachol 
are administered to the right or left coronary artery. 

40. The method according to claim 39, wherein the propranolol and the carbachol 
are administered proximal to the AV node artery. 

5 41. The method ofclaim 37, wherein the propranolol and the carbachol are 

administered to the AV node artery. 

4Z The method according to claim 37, wherein the propranolol and the carbachol 
are administered to the middle cardiac vein. 

43. The method according to claim 37, wherein the propranolol and the carbachol 
10 are administered to the right atriimi. 

44. TTie method accordii^ to claim 37, wherein the propranolol and the carbachol 
are administered to the coronary sinus. 

45. The method according to claim 39, wherein the propranolol is administered by 
a single bolus injection in the coronary artery, prior to the administration of carbachol, and 

15 wherein the carbachol is administered by a single bolus injection followed by continuous 
infusion into the coronary artery to maintain the VMitricular asystole. 

46. The method according to claim 14, wherein the electrical pacing is selectively 
stopped by the surgewi by selectively depressing a foot pedal. 

47. The method according to claim 14. wherein the surgical procedure comprises 
20 placememofasumre in the heart 

48. The method according to claim 14, vAerein the surgical procedure comimses a 
minimally invasive coronary bypass procedure. 

49. The method according to claim 14, wherein the method further comprises 
COTtrol of significant hemon*age during tiie surgical procedure. 

25 50. The method according to claim 1 4, wherein the surgical procedure comprises 

the treatment of injuries to the liver, spleen, heart, lungs, or major blood vessels. 
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5 1 . The method according to claim 1 4, wherein the surgical procediire comprises 
an electrophysiologic procedure. 

52. The method according to claim 14 >^erein the surgical procedure compnses 
cardiac surgery with cardiopulmonary bypass. 

5 53 . The method accordmg to claim 1 4, wherein the surgical procedure comprises a 

transmyocardiai revascularization procedure. 

54. A method of inducing reversible ventricular asystole in a human patient 
comprising administering carbachol to the heart of the patient 

55. The method of claim 34 wherein the carbachol is administered to the coronary 

10 sinus. 

56. The mediod of claim 54 wherein the carbachol is administered 
intraventricularly. 

57. The method of claim 54 wherein the carbachol is administered to the aorta. 

58. The method of claim 54 wherein the carbachol is administered to the right or 
1 5 left coronary artery. 

59. The method of claim 54 wherein the method further comprises administering 
carbachol and propranolol to the heart of the patient. 

60. A method of inducing revorsible ventricular asystole in the heart of a human 
patient comprising administering carbachol to the patient at a dosage of about 1 to 15 mg. 

20 61. The method of claim 60 wherein the dosage is about 1 to 12 mg. 

62. A method of inducing reversible ventricular asystole in the heart of a human 
patient, the method comprising administering carbachol to the patient at a rate of O.I to 4.8 
Jig/kg body weight/min. 

63. The method of claim 62 wherein the carbachol is administered locally to the 

25 heart 
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64. The method of claim 63 wherein the carbachol is administered by direct 
ix^ion into the right or left coronary artery. 

65. A method of inducing reversible ventricular asystole in the heart of a human 
patient, the method comprising: 

S administering an initial intracoronary bolus of carbachol of about 0. 1 to 10 iigfkg body 

weight of the patient; and 

administering a continuous intracoronary infusion of carbachol at a rate of about 0.1- 
4.8 jig/kg body weight/min. 

66. The method of claim 65 wherein the initial intracoronary bolus of carbachol is 
10 administered over about 1-5 minutes; and 

wheiem the intracoronary infusion of carbachol is administered over a time period of 
about 5 to 120 minutes. 

67. The method of claim 66 wherein the initial intracoronary bolus comprises 
about O.I to 5 \xg carfaachol/kg body weight, and is provided in a suitable pharmaceutically 

1 5 acceptable carrier. 

68. A method of inducing reversible ventricular asystole in a human patient 
comprising: 

administering an intracoronary bolus injecdon of about 0.0 1 to OS mg of carbachol 
over about 0.5 to 3 minutes; and 
20 administering an intracoronary infusion of carbachol at a rate of about 0.0 1 to 0.3 

mg/min over about 30 to 90 minutes. 

69. A method of preparing a patient for coronary artery bypass comprising: 
placing at least a portion of a delivery device in a coronary vessel of the heart of the 

patient; and 

25 delivering a cardioplegic agent to the AV node of the patient via the coronary vessel 

with the device. 

64 



SUBSTITUTE SHEET (RULE 26) 



wo 99/07354 PCTAJS98/16469 

70. The method of claim 69 including selecting a catheter as the delivery device. 

7 1 . The method of claim 69 wherein the device is placed in the right coronary 
artery of the heart of the patient. 

72. The method of claim 69 wherein the device is placed in the left coronary artery 
S of the heart of the patient. 

73. The method of claim 69 wherein the device includes an outlet and the oudet is 
placed in the right coronary artery of the heart of the patient and immediately proximal to the 
AV node artery. 

74. The method of claim 69 wherein the device includes an oudet and the outlet is 
10 placed in the AV node artery. 

75. The method of claim 69 wherein the device is placed in the middle cardiac vein 
of the heart of the patient. 

76. The method of claim 69 wherein the device is placed into an ostitmi of a right 
or left coronary artery of die heart of the patient. 

^ 5 77. The method of claim 69 further includix^ introducing the device through the 

femoral artery. 

78. The method of claim 69 further including introducing the device through an 
incision in the aorta of die patient. 

79. A method of inducing reversible ventricular asystole of a heart df a human 
20 padent while maintaining the ability of die heart to be electrically paced comprising: 

administering at least a first compound to die heart of the patient vAdch is capable of 
inducing diird-degree AV block of the heart; and 

administering at least a second compound to the heart of the patient which alone or in 
combination with the first compound is capable of substantially suppressing ectopic 
25 ventricular beats in the heart while maintaining the ability of die heart to be electrically paced. 
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80. A method of inducing reversible ventricular asystole in the heart of a patient, 
while maintaining the ability of the heart to be electrically paced comprising: 

administering an AV-node blocker and a compound to the heart of the patient in an 
amount effective to induce ventricular asystole, while maintaining the ability of the heart to be 
5 electrically paced, vdierein the compound is administered in an amount sufficient to reduce the 
amoum of AV-node blocker required to induce ventricular asystole. 

81. A composition capable of inducing transient reversible ventricular asystole in a 
patient, while maintaining the ability of the heart to be electrically paced, comprising: 

a compound capable of inducing reversible ventricular asystole in a patient; and 
10 a P-blocker in an amount sufBciem to substantially reduce the amount of the 

compound required to induce ventricular asystole in the patient 

82. The composition of claim 8 1 wherein the compound is an atrioventricular (AV) 
node blocker. 

83. The composition of claim 82, wherein the AV node blocker is present in an 
1 5 amount which is about 50% or less by weight of the amount of AV node blodcer alone 

required to induce ventricular asystole. 

84. The composition according to claim 8 1 , wherein the compound is a cholinergic 
receptor agonist selected from thd group consisting of bethanechoL arecoline, norarecoline, 
and neostigmine. 

2^ 85. The composition according to claim 8 1 , wherein the compotmd is carbachol. 

86. The composition according to claim 85, wherein the carbachol is present in a 
pharmaccuucally acceptable carrier in a dosage form for administration to a patient. 

87. The composition according to claim 85, wherein die carbachol is present in a 
pharmaceutically acceptable solution at a dosage amount of about I to 20 mg. 

25 88. The composition according to claim 8 1 , wherein the P-blocker is selected from 

the group consisting of atenolol, acebutolol, labetalol, metoprolol, nadolol, oxprenolol, 
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pcnbutolol, pindolol, sotalol, timolol, celiprolol. betaxolol. bevantolol, bisoprolol. esmolol. 
alprenoiol. carterolol, nadolol and teratolol. 

89. The con^sition according to claim 8 1 , wherein the P-blocker is piopranolol. 

90. TTie composition according to claim 89, wherein the proiwanolol is present in a 
5 pharmaccutically acceptable carrier in a dosage form for administration to a patient in an 

amount of about O.Ol to 0.07 mg/kg body weight of the patient 

91. The composition according to claim 89, wherein the propranolol is present in a 
phaimaceutically accepuble solution at a dosage amount of about 1 to 10 mg. 

92. The composition according to claim 8 1 , wherdn the compound is carbachol 
10 and the P-blocker is propranolol. 

93 . A composition capable of inducing ventricular asystole in a patient, while 
maintaining the ability of the heart to be electri<ally paced, comprising: 

a cholinergic receptor agonist; and 
a^-blocker, 

15 wherein the amount of the cholinergic receptor agonist alone or the p-blocker alone in 

the composition is not sufficient to induce ventricular asystole in tiie patient. 

94. A sterile pharmaccutically acceptable form ofcarbachol comprising about 1-20 
mg of carbachol in a pharmaccutically acceptable carrier selected from tiie group consisting of 
saline, aqueous dextrose and water. 

A pharmaccutically acceptable composition suitable for parenteral 
administration to a human patient comprising carbachol and a carrier selected from tiie group 
consisting of dextrose, saline and a buffered aqueous solution. 

96. The composition of claim 95 wherein tiie composition is suitable for 
administration to the heart. 

A kit for conducting a surgical procedure comprising: 
a first container comprising a dosage amount of a cholinergic receptor agonist; and 
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a second container comprising a dosage amount of a ^-blocker. 

98. The kit according to claim 97, wherein the cholinergic receptor agonist is 
carbachol and the P-biocker is propranolol, 

99. The kit according to claim 98, wherein the first container comprises carbachol 
5 in a pharmaceutically acceptable carrier; and 

wherein the second container comprises propranolol in a pharmaceutically acceptable 

earner. 

100. The kit according to claim 99, wherein 

the first container contains about 1 to 20 mg of carbachol; and 
10 wherein the second container contains about 1 to 1 0 mg of propranolol. 

101. The kit according to cl^ 98 further comprising epicardial or endocardial 
pacing electrodes. 

102. The kit according to claim 98 further comprising a drug delivery catheter. 

103. The kit according to claim 102 wherein said drug delivery catheter further 
15 includes an expandable member, said catheter including a shaft having a distal portion and 

said expandable member being disposed along said distal portion. 

104. The kit according to claim 103 wherein said expandable member comprises a 
low-pressure balloon. 

105. The kit according to claim 97 further comprising a guide catheter. 
20 106. The kit according to claim 97 further comprising a cannula. 

107. The kit according to claim 97 further comprising a syringe and needle 
assembly. 

1 08. A pacing system comprising: 

an exuacorporeal pacer for delivering pacing signals to a human heart; 
25 a switch coupled to said pacer: 

and an actuator arranged remote from said pacer and coupled to said switch. 
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109. The pacing system of claim 108 including pacing leads coupled to said switdi. 

1 10. The pacing system of claim 109, wherein said pacing leads are adapted for 
coupling to the heart of a patient 

111. The pacing system of claim 108, wherein said actuator comprises a foot pedal. 
5 1 12. The pacing system of claim 108. wha«in said actuator comprises a needle 

holder. 

113. The pacing system of claim 108, wherein the switch is arranged remote from 
the pacer. 

114. The pacing system of claim 108, wherein the actuator is arranged remote ftom 
10 the switch. 
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Palmatier, James 



From: Collier, Ken 

Sent: Monday, June 07. 2004 2:41 PM 

To: Palmatier, James; Ehlinger, Tom 

Cc: Keogh, Jim 

Subject: RE: Call to Wayne Wang 

If we get into an agreement, it needs to address a number 
of serious issues with the present agreement. 

1) Medtronic does have confidential information, and where it does it will 
not waive them because we have a student taking work at the University.; 

2) not all information the U has is going to be presumed to be confidential; 

3) we would not blindly assume that we have no present or future ownership 
interest in any inventions, and thereby would assign all inventions without a 
detail description of the subject matter that has been passed through the relevant 
management and signed off by that management. 

4) Generally, it is Dr. Wang's responsibility to handle any conflict of interest that he may 
have. Medtronic does not owe a waiver to the U because he works here. We 

could ask for the reciprocal agreement, wherein because he is a student at the University, 
the University should waive any conflict he has in relation to Medtronic confidential 
information and to the extent necessary will assign all patent rights to Medtronic. 

Ken 



Original Message 

From: Palmatier, James 
Sent: Friday, June 04, 2004 2:07 PM 
To: Collier, Ken; Ehlinger, Tom 
Cc: Keogh, Jim 

Subject: Call to Wayne Wang 

Xuewei Wayne' Wang, 
763-514-6635 

Wayne is in Medtronic Heart Valve clinical area working in the area of clinical trials for market 
approval CE and FDA. He has been doing that for 2 years. Before that he was in CRM in similar 
area related to clinical trials. 8 years at Medtronic, 

Bio medical engineering program. Advisor wants to pass information and data to Wayne. Advisor 
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is involved in design of lung transplant equipment and methods. The data to be used is 15 years 
old and has not been updated since the original study. Most of the information and studies has 
been published. 

Focus is retrospective to allow Wayne to review and interpret this data to show intellectual 
contribution to earn his degree and to possibly gain new understanding of data and study. Data 
will be old data. 

The agreement is a function of the new IP department and policy at U to protect assets. Other 
students have done similar studies with this data. They have either been full time students or U 
employees. 

Wayne knows of Tim Laske, CRM employee, who is an example of a University project by 
Medtronic employee where Medtronic owns IP. 



6/7/2004 



